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Approximately 500 samples were collected from the igneous wall 
rock of the Mayflower Mine, Park City District, Utah. The mine is 
the sixth largest gold producer in the United States. The samples 
were analyzed for copper~ lead, zinc~ silver, manganese, sodium, 
potassium, calcium, magnesium and iron by atomic absorption 
spectrophotometry. Gold was determined by neutron activation 
analysis, silicon and sulfur by x-ray fluorescence spectrometery. 
The calculation of the mineral norm from the chemical analysis 
showed the wall rock to be of granodioritic composition. 
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A study of selected vein samples indicates that the copper, silver 
and gold content in the veins increases to the eastern and northern 
part of the mine while lead and zinc show the opposite pattern. The 
trace element distribution in the wall rock was found to reflect this 
distribution. 
The lead and zinc aureoles were found to be confined to the 
immediate vein area. This indicates low mobility of the two elemertts. 
Copper, gold and silver show narrow aureoles in the western part of 
the mine. The aureoles become much wider in the eastern part where the 
concentrations in the veins are higher. The manganese aureole is most 
extensive in the western part where the manganese content of the vein 
is highest. 
High anomalous values of copper, lead and zinc in the wall rock 
coincide with the presence of the minerals chalcopyrite, galena and 
sphalerite respectively. 
The results indicate that the size of the trace element aureoles is 
affected mainly by the mobility of these elements and their concentration 
iii 
in the ore forming solution. 
Analysis of the wall rock for major elements shows addition of 
silica in the vein area and some leaching in the immediate wall rock. 
Aluminum and potassium are enriched in a zone extending 20 to 60 feet 
away from the vein. In this zone, calcium and sodium are leached. 
Magnesium and iron show an enrichment zone at some distance from the 
vein. 
In the eastern part of the mine alumino-silicate minerals are to 
some extent replaced by anhydrite, an observation which is also 
indicated by the very high sulfur values in the eastern wall rock 
traverses. 
Factor analysis of the major elements shows clearly the grouping 
of major elements into two major alteration zones, a potassium rich 
sericitic zone and a magnesium-iron rich chloritic zone. 
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I. INTRODUCTION 
A. Purpose and scope of the study 
Increasing attention is being paid to the use of bed rock 
geochemistry at all phases of exploration, including detection of 
mineralized intrusives and the significance of wall rock anomalies. 
Also, during the last few years, major studies have been made of 
zonal relationships of the mineral and chemical composition of the 
hydrothermal altered rocks associated with the ore deposits. 
In geostatistics, an evaluation is being made of the scope for 
various smoothing and filtering techniques in the interpretation of 
various geochemical data obtained during the course of the 
investigation. In this study, the computer was utilized in automatic 
plotting correlation and factor analysis. 
The study of the Mayflower Mine provided the opportunity to use 
every available technique to contribute more information for a 
better understanding of wall rock geochemistry. 
Approximately 500 samples were collected from the wall rock of 
Mayflower Mine. They were collected outward from the veins at 
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specified intervals along six different traverses and from two drill cores. 
The samples were analyzed for fourteen trace and major elements 
using neutron activation, atomic absorption spectrophotometry and x-ray 
fluorescence. Thin and polished sections were prepared from a number of 
selected samples. The data obtained were analyzed and interpreted with 
the aid of a computer through correlation and factor analysis. 
B. Park City District 
The Park City district is located approximately 20 miles 
southeast of Salt Lake City, Utah, on the east flank of the Wasatch 
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the Unita uplift to the east and the Cottonwood dome to the west. It 
is one of the major lead, zinc and silver producing areas in the 
western part of the United States. Up to 15,810,901 tons of ore have 
been produced since the discovery of the district in 1869. The ore 
has produced 1,179,280 ounces of gold, 249,190,789 ounces of silver, 
2,629,310,385 pounds of lead, 1,422,963,818 pounds of zinc, and 
115,968,214 pounds of copper up to 1970. 
The sedimentary rocks exposed in this district range from 
Precambrian to Jurassic. The Paleozoic sedimentary rocks include the 
Cambrian Tintic Quartzite, the Ophir Formation, the Mississippian 
Fitchville Formation, the Gardison and Deseret Limestones, the Humbug 
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and Doughnut Formations, the Round Valley Limestone, the Weber 
Quartzite and the Permian Park City Formation. The Mesozoic 
sedimentary rocks include the Triassic Woodside Shale, and the 
Thaynes and Ankareh Formations. The Jurassic rocks are represented 
by tl1e Nugget Sandstone, Bromfield (1968). The Tertiary intrusive 
rocks include mainly the Clayton Peak, Ontario, Mayflower, Flagstaff, 
Valeo, Glenco and Pine Creek Stocks. The compositions of the intrusive 
stocks range from mainly granodioritic to dioritic composition. The 
Keetley volcanics which are of Oligocene age, include flows, tuffs, 
and volcanic breccias of andesitic to rhyodacitic composition and 
cover the eastern and the northeastern part of the district, 
Bromfield (1968). 
1. Structure 
The main structural element in the district is a northwestward 
plunging anticline composed of Paleozoic and Mesozoic sediments 
which is intruded by Tertiary diorite and monzonite stocks and dikes. 
Thrust, normal faulting and fracturing are also some other elements 
which modify the geology of the area. Grant (1966) indicated that 
these were developed during three major periods of fracturing: The 
early northerly-trending thrust, folds and tear fault period; 
intermediate northeast trending faults and fissures period which is 
very important since it is associated with the ore deposition; and 
the late northerly trending normal faults period. 
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2. Ore deposits 
The ore deposits in the district consist of two types: bedded 
replacement and vein deposits. They are located in east-northeasterly 
trending faults. 
a. Bedded replacement deposits 
The bedded replacement type has been the major source of ore 
production in this district. It is stratigraphically controlled 
and occurs at the intersection of the fracture zone with the favorable 
or susceptible carbonate beds. The early mined replacement ore 
occurred mainly in the Park City or Thaynes Formations of the Silver 
King, Daly, Daly West and Judge Mines. 
b. Vein deposits 
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The vein deposits type is mainly controlled by east northeasterly 
trending faults and fissures. Weber Quartzite is the principal wall rock 
of the Ontario Daly and Park Utah lodes. Approximately 80% of the 
Mayflower mine production has come from veins in Mayflower granodiorite 
and granodiorite porphyry. 
Principal ore minerals include galena, sphalerite, tetrahedrite, 
chalcopyrite, argentite, enargite and native gold. The primary 
gangue minerals include pyrite, quartz, calcite, gypsum, anhydrite, 
hematite, rhodochrosite and rhodonite. 
District wide zoning was established by Grant (1966). These 
zones include a central barren zone followed successively to the north 
by chalcopyrite, tetrahedrite, galena, and argentite zones. 
C. Previous work on Wall Rock Geochemistry 
Finlayson (_1910) studied the distribution of lead, copper and 
zinc along a normal cut to the vein at the Veille Montague Company 
mine at Neonthead, England. The rock unit was the Great Limestone. 
The result of this test shows that there is a gradual decrease in 
the values outward from the vein. 
Morris and Lovering (1952) studied the primary dispersion 
patterns of copper, lead, zinc in the quartz monzonite and the 
dolomite which are the wall rocks of the veins in the Tintic 
District, Utah. Their results from the quartz monzonite indicate 
that the trace elements decrease logarithmically with the distance 
outward from the vein which suggests that the migration was by 
diffusion. However, they found that the dispersion patterns in the 
dolomite were restricted to an extension of ten feet only. The 
dispersion patterns of zinc, lead and copper in the oxidized wall 
rock are similar to those of the primary patterns at 700 feet depth. 
Jedwab (1956) analyzed forty-one samples collected from two 
mica-rich granites from two massifs of the Morbihan region, France. 
The results show that the trace element content of the massif with 
the mineralized veins is different from the one without mineralization. 
This suggests that the trace elements of the granite may be used as 
a guide for prospecting of the mineralized areas. 
Ginzburg (1960) stated that the penetration of metals by 
diffusion is limited to a few meters. Migration of the elements in 
the wall rock is due chiefly to infiltration. 
Myagkov (1963) indicated that the correlation analysis is a 
5 
useful means of discovering and evaluating the geochemical relationship 
among certain mineral assemblages. 
Drewes (1967) reported that the area of a Jurassic granite 
northwest of Patagonia, Arizona which was altered in Pliocene time, 
contains anomalous amounts of copper, lead, zinc, gold and silver. 
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It is assumed that the ore metals were introduced during the alteration. 
Cornwall et al. (1967) analyzed 450 samples for silver, mercury 
and gold. Samples were collected from fresh and altered rocks in 
two silver-gold bonanza districts, Comstock and Tonopah, Nevada. 
They show that the silver and mercury anomalies delineate areas of 
principal silver veins in the districts. 
A preliminary study was done by Albers and Ashley (1967 and 1968) 
on the distribution of the trace elements along a new cut across the 
Combination-January veins in the Goldfield District, southwestern 
Nevada. They show that the samples from the altered dacite are 
enriched in lead, silver, copper, molybdenum, bismuth and zinc and are 
depleted in beryllium, manganese, cobalt and nickel relative to 
unaltered dacite. Also, they found that lead, silver, and bismuth 
correlate positively with the gold. 
Gavrilin et al. (1967) studied the behavior of lead and zinc in 
the hydrothermal alteration of intrusive rocks in the Kzylompul and 
Charkasar massifs. He reported that the quartz-sericite rock 
formation is distinguished from the low-temperature hydrothermal 
alteration zones by extensive losses of lead and zinc. 
Al-Shaieb (1969) and Bolter and Al-Shaieb (1971) studied the copper, 
lead, zinc, gold and silver anomalies in the igneous wall rock of the 
hydrothermal veins in the Searchlight District, Nevada. It was shown that 
these anomalies of the elements decrease gradually with increasing 
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distance from the vein and reach background values at a distance of 
40-120 feet from the vein. Also, the results indicate that the diffusion 
is not the only process responsible for developing the elements anomaly. 
Mantei et al. (1970) analyzed 125 whole rock samples from the 
productive Marysville, Montana, granodiorite and surrounding meta-
morphic rocks for trace contents of gold, silver, copper, lead and 
zinc. They conclude that in the vicinity of known gold veins, 
anomalous values for gold and silver were found in both types of bed 
rock. Anomalies for base metals were much less pronounced. The 
results indicate that systematic analysis of igneous bodies could be 
useful in exploration for hydrothermal ore deposits. 
Khetagurov et al. (1970) showed that the distribution of lead, 
zinc, copper, silver, cobalt and molybdenum in ore bodies of northern 
Caucasus, USSR, and their endogene aureoles revealed similar vertical 
and horizontal zonation of these elements in both the veins and the 
aureoles. 
Fishkin and Chemurako (1970) studied the heavy metal aureoles in 
the Began barite-polymetallic deposits in Transcarpthia, USSR. He 
concluded that the investigated aureoles for zinc, lead, copper, 
barium, strontium and arsenic are of diffusion-infiltration type and 
demonstrate vertical zoning. 
Nairis (1971) studied the endogene dispersion aureoles around 
the Rudtjebacken sulfide ore in the Adak area, Northern Sweden. The 
study shows that complex aureoles of copper, zinc, lead, arsenic, 
silver, molybdenum and bismuth exist around the ore body. These 
aureoles varying in size and form, and are related to the ore body. 
Baily (1971) studied the chemical halo associated with the lode 
deposits of the Ontario and Daly lodes in the Park City District, Utah. 
He indicated that the geochemical halos could be used as a guide in 
ore exploration. His study shows that no petrographically detectably 
mineralogical halo was identified in Weber quartzite wall rock, but 
chemical halo of silver, copper, manganese, lead and zinc were found 
to exist. Those halos are detectable for approximately 50 feet away 
from the vein. 
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Lavery and Barnes (1971) studied the zinc dispersion in the carbonate 
host rocks adjacent to sphalerite mineralized zones in Wisconsin. He 
indicated that the extent of the dispersion is directly related to the 
size of each mineralized zone. He also proposed a mathematical model 
which shows that the dispersion curves can be treated quantitatively 
to determine the duration of mineralization and the concentration of 
metal in solution at the mineralization wall rock contact. 
Doraibabu (1971) found that trace element anomalies for lead, 
copper and zinc in the Tres Hermanas quartz monzonite porphyry in 
New Mexico are spatially related to each other and to the hydrothermal 
veins in adjoining sedimentary rocks. He also indicated that a direct 
relationship exists between trace element anomalies and certain primary 
petrographic textures. He concluded that the ore deposits may result 
from a combination of deuteric and hydrothermal processes. 
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II. GEOLOGY OF MAYFLOWER MINE 
The Mayflower Mine is located in the southeastern portion of 
the Park City mining district. It is twelve miles southeast of 
Park City on Route 40 and ten miles north of Heber City, Utah. 
From 1936 through 1970, the mine has produced 2,032,498 tons 
of ore, containing 747,133 ounces of gold, 112,886,152 ounces of 
silver, 236,540,534 pounds of lead, 266,053,927 pounds of zinc 
and 31,217,133 pounds of copper. According to the United States 
Bureau of Mines, this mine ranks sixth among gold producing mines in 
the United States Mineral Year Book (1970). The Mayflower Mine is 
the only mine in the district where most of the ore production is 
from veins in the igneous rocks (Mayflower Stock). Minor amounts have 
been mined from the sedimentary rocks on the west side of the mine. 
The Humbug Formation has been the favorable zone, followed by both 
Doughnut and Round Valley Formation. The ore has been found 
principally in two subparallel fissure systems. The Mayflower and 
Pearl fissures are situated near the center of a section between the 
Hawkeye McHenry Fault to the north, and the Cottonwood fault to the 
south (Fig. 2., after Bromfield). 
A. Wall Rock Types 
The Mayflower Mine showed major production from the veins in 
10 
the granodiorite. Replacement ores were found in sediments only in 
the western extension of the Mayflower vein at the igneous-sedimentary 
contact. Sedimentary rocks in the mine include the Mississippian 
Gardison, Doughnut, Humbug Formations, and the Pennsylvanian Round 
Valley Limestone. 
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B. Igneous Wall Rock 
Boutwell (1912) described the igneous rocks as a " largely 
diorite porphyry." Williams (1952) indicated that the intrusive 
rocks have the essential mineral composition of diorite, but 
exhibit textural and color variations. The texture ranges from 
a rock with practically no phenocrysts, to porphyritic with up 
to 25-30 % phenocrysts. The phenocrysts are most often plagioclase 
feldspar andesine-oligoclase, also biotite and hornblende occurs 
frequently. The color variation is due to the textural and mineral 
differences and range from dark gray for the finer grain texture, 
to lighter colors when porphyritic and when the phenocrysts are 
plagioclase, while in highly biotitic areas the rock appears dark. 
These variations could be a result of nearly contemporaneous multiple 
intrusion. Holt (1953) classified the rock as quartz diorite 
porphyry based on a modal study of the rock. Recently, Bromfield 
(1968) described the rock as a granodiorite porphyry with 
phenocrysts of plagioclase, hornblende and locally biotite. The 
groundmass is composed of quartz, orthoclase and plagioclase. Up 
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to 30% orthoclase and 5% quartz is found in the groundmass, Quinlan and 
Simos (1968). The average estimated mode of the rock not 
counting the groundmass show plagioclase (andesine-oligoclase) 
60%, hornblende 20%, biotite 10%, quartz 7% and magnetite, pyrite, 
apatite as accessories. 
In the present study the norm is expressed in weight percent 
as computed from the chemical analysis according to the method of 
the C. I. P. W. system outlined in Johannsen (1939). The average values 
calculated for quartz, orthoclase, albite and anorthite are 16.25, 
14.15, 28.75 and 18.95 respectively. This indicates that the 
rock is of granodiorite composition. 
Bromfield (1968) has mapped two other units in the mine 
vicinity. These are the Valeo porphyry which is of granodioritic 
composition ot the southwestern part of the mine, and similar in 
composition to the dike and sills which are found in the western 
part of the mine and the Ontario porphyry which is of quartz 
monzonite composition and is to the north and northwestern part of 
the mine (Fig. 2). 
C. Structure 
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The principle structure of the mine is a zone of local fracturing. 
This zone is localized by two nearly parallel, northeastward trending 
fissures separated by approximately 400 feet of rock. The southern 
fissure is the Mayflower and northern is the Pearl. Both 
fissures strike generally N 75° E and dip 70-80° North, but the Pearl 
fissure becomes vertical with depth and dips to the south on the lower 
levels. The vertical and lateral extent of the fissures have been 
determined mainly by the intensity of the alteration and the 
mineralization rather than the structural features. Usually the 
fissures become indistinct beyond the mineralized zone. 
In the stock, the Mayflower fissure is well-defined. However, the 
fissure becomes less defined when it transects the sediments. Splitting 
of minor veins in the hanging wall and the footwall are common and lead 
to a bifurcating system which has a large width (Quinlan and Simos (1968). 
The Pearl fissure is confined to the granodiorite and it is essentially 
a single fracture, although minor splits are noticed. The structure 
is less complex than the Mayflower fissure. The No. 3 fissure is 
recognized below 1380 level and appears to be linking the Mayflower 
in the west with the Pearl fissure in the east. 
D. Mineralization and Genesis 
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The major production of the Mayflower mine came from veins in 
igneous wall rock. These veins are generally open fissure type and the 
fissure filling is presumed to be the major process in ore emplacement. 
The different criteria by which open-space filling is commonly 
recognized are symmetrical banding of ore and gangue minerals, crystal 
vugs and comb structure. The Mayflower lode consists of four 
mineralized veins: The Mayflower, Pearl, No. 3 and Pearl Split 
veins. These are lead-zinc veins which contain considerable amounts 
of copper, silver and gold. 
The Mayflower vein was the most productive vein in the upper 
levels. It has been mined from the surface to the 2005 level with 
maximum productivity between the 600 to 1755 levels. The 
mineralization decreases with depth and the veins become less 
important in the lower levels. The main sulfide minerals are 
sphalerite, galena and pyrite. Quartz is the principal gangue 
mineral along with calcite, rhodochrosite and rhodonite. Hematite 
is also present with gold and silver occurring occasionally. The 
Mayflower vein is the only vein which produces ore in the sediment at 
the western part of the vein. 
The Pearl Vein is entirely 1n the igneous rock. The most 
productive part was between the 1020 to 2600 levels with a maximum 
strike length of 600 feet. The vein was noticed to weaken to the 
west. It is a narrow vein and characterized by bands of friable 
sugary quartz. The sulfide minerals are pyrite, galena, sphalerite 
and chalcopyrite. Sphalerite and galena occur in minor amounts in 
several ore shoots. Gold, silver and copper contents are 
considerably higher than in the Mayflower vein. Hematite is common, 
rhodochrosite and rhodonite are rare. The vein shows different 
structures such as crustification, open cavities and banding. 
The No. 3 and the Pearl split veins are narrow veins that link 
the Mayflower and Pearl veins. The mineralogy is similar to the 
Pearl veins. The No. 3 vein ore shoot strike length ranges from 
100 to 300 feet and increases with depth. The Pearl Split ore shoot 
strike length is about 550 feet and decreases in the lower levels. 
Williams (1952) identified three vein stages, as: 
1. Early sulfide stage (quartz, sphalerite, galena) 
2. Carbonate quartz stage (quartz, rhodochrosite, calcite) 
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3. Late sulfide stage (sphalerite, galena, chalcopyrite, gold) 
The three stages are recognized in the western part of the mine, but 
only the second and third stage are recognized to the east. Consequently, 
he concluded that the vein system developed progressively eastward. 
Nash (1971) reported four stages of mineralization. 
1. Early stage with quartz, anhydrite and pyrite 
2. Main stage with sphalerite and galena 
3. Middle stage with pyrite, chalcopyrite, gold and hematite 
4. Late stage with quartz, carbonate and anhydrite 
He also indicated that the veins generally have the same mineral 
composition which is in contrast to Williams findings. 
Jansons (1968) studied the sulfur isotope ratios of galena. 
sphalerite and pyrite. The values of b s34 were 1. 4, 2. 3 and 3. 3 per 
thousand respectively. This indicated that s34 was preferentially 
incorporated in early formed minerals in the order pyrite, sphalerite 
and galena. The gypsum in the Mayflower mine is of hypogene origin, 
which is indicated by the great enrichment of s34 , b s34J..=l3.8. 
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Stacey et al. (1968) determined the lead isotopes in galena samples 
from the Park City district. The Pb 206;Pb204 , Pb 207;Pb 204 , Pb 208;Pb 204 
ratios determined for galena from several mines in the district are: 
Sample Location Pb 206 /Pb 204 Pb207 /Pb204 Pb208/Pb204 
Ontario Mine 
Ontario (shaft #6) 18.419 15.709 38.632 
Ontario Dump 18.131 15.719 38.722 
Judge Tunnel 18.059 15.092 38.584 
Silver King 17.976 15.863 38.570 
Mayflower Mine 
Mayflower Vein 18.035 15.706 38.658 
Pearl Vein 18.530 15.772 38.977 
The two-stage lead model adopted assuming that these deposits were 
formed 30 million years ago Armstrong (1966), indicates that the 
radiogenic lead origin was from the underlying basement rocks which 
were formed 2415 ~ 30 million years ago. The lead isotope ratios were 
spatially related to the Tertiary stocks. The results show 
similarity in isotopic composition in the district, with exception of 
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the Pearl vein which shows more radiogenic lead. 
Barnes and Simos (1968) indicated that the source of the ore forming 
solution had their origin in the diorite and diorite porphyry stocks. 
However, since the fissures which contained the ore cut across the 
stocks, the emplacement of the igneous stock must have preceeded the 
ore deposition Grant (1966). Because of the close age of ore and 
wall rock, an alternative hypothesis is that both diorite stocks and 
the ore deposits have a common source. The structural elements of 
£aulting, fissuring and intrusion have created the plumbing system 
from the source to the wall rocks. Usually the steep tension fractures 
and the subsidiary faulting forms the conduit for ore-solution. 
Finally, Williams described zones of hydrothermal alteration of 
the diorite next to the veins. Those zones from the unaltered wall 
rock towards the vein include: 
1. Unaltered diorite 
2. Chlorite zone 
3. Argillic zone 
4. Local quartz sericite 
5. Migratory quartz sericite 
III. SAMPLING AND SAMPLE PREPARATION 
A. Sample Procedure 
Approximately 500 samples were collected from the Mayflower 
Mine, Park City District, Utah. The samples were collected from five 
mine levels which represent a 1000 feet vertical elevation difference. 
Samples traverses AA', BB', c2c2, c1cl, DD', EE' are shown in Fig. 3. 
These were collected from the 1630, 1880, 2005, 2200 and 2600 levels 
respectively. Also, samples were collected from two drill cores 
from the 2200 level to the north block (hanging wall), as shown in 
fig. 3F. Drill core H-25 is to the western part of the mine near 
the sedimentary-igneous contact and lf-45 is to the eastern part. 
The samples were collected in short intervals of 5 to 10 feet from 
underground cross cuts and drifts which transact the different veins. 
The distance mentioned for the sample intervals were measured along 
the traverses using a 100 foot cloth tape starting at a point 
generally north to the vein as shown in Fig. 3. The distance of the 
different traverses are listed in Appendix A and B. Generally, two 
to three waist high chip samples were collected at a given station 
location. The samples were placed in white cloth sample bags. 
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The mine coordinates in a two dimensional horizontal plane are of 
two types, north and east coordinates. The shaft coordinates shown 
in Fig. 3 are 9440E and 8190N and are given to help in determining 
the locations when mentioned in the text. 
B. Samples Preparation 

























































































































0 c :0 
.-E "' c 













0 E .. 
(1. - :J c s:: .,. => 0 0 0 '% 
•
 
2 .. • E :.J -e • .. ., 0 
c 



























) ~ 0 
1~ 








0 0 N u 
f3 rJ) 0:: L&J ~ 0:: I-LL 0 z 0 -1-<l (.) 9 
with the diamond saw. The outer part of the rock slice was removed 
with a hammer to eliminate possible contamination. The remaining 
inner part of the slice was washed again, dryed and crushed, then 
pulverized using Spex Mixer-Mill. Ninety-seven percent by weight 
of the resulting powder had a grain size of less than 80 mesh. 
Ground samples were stored in wide-mouth glass bottles. 
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IV. ANALYTICAL PROCEDURES 
The samples were analyzed for copper, lead, zinc, silver, 
manganese, sodium, potassium, calcium, magnesium, iron and aluminum 
by Atomic Absorption spectrophotometry, for gold by Neutron 
Activation analysis, and for silicon and sulfur by X-Ray fluorescence 
spectroscopy. 
A. Atomic absorption spectrophotometry 
A Perkin-Elmer model 303 double-beam atomic absorption 
spectrophotometer was used for analysis of the elements mentioned 
above. Copper, lead, zinc, manganese, sodium, potassium, iron were 
analyzed directly by using a air-acetylene flame. Calciwn and 
magnesium were treated differently to control the aluminum interference 
by adding lanthanum oxide solution at concentration of 1% to the 
diluted sample, and then aspirated. A nitrous oxide-acetylene flame 
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was used for aluminum analysis and since aluminum is partially ionized 
using that flame, lanthanum oxide was added to control that phenomena. 
Silver was analyzed by using a modified method of West et al. (1967). This 
analytical method is based on the preferentical extraction of silver from 
an acid solution at PH=2 (Friedeberg 1955), using an ester solution 
of dithizone (.05g of dithizone per 100 ml of ethylpropionate). 
1. Dissolving procedure 
To l.Og of powered rock were placed in 100 ml teflon beakers, and 
30 ml of 48% hydrofluoric acid, and 10 ml of concentrated nitric acid 
were added. The solution was allowed to stand overnight. Then, 2 ml 
of 70% perchloric acid was added and fumed until no more white fumes 
22 
evolved. The samples were then moistened with 1 ml of distilled 
water and 5 ml of concentrated mitric acid were added and the 
solution was brought to boil. When all solids were dissolved, 25 ml 
of water was added slowly while boiling. The solution was boiled 
until clear. The samples were brought to room temperature and 
transferred to 50 ml volmetric flask then diluted to 50 ml using 
distilled water. The solution were then transferred to polyethylene 
bottles. The dissolved samples were analyzed at the instrument settings 
which were recommended for the standard analysis by the instrument 
manufacturer as tabulated in Table 1. 
Table 1. Atomic Absorption spectrophotometer setting for standard 
conditions of elements analysis 
Element Range Wave Length Slit Current Oxidant-Fuel 
. Ao Lamp (MA) Flow ln 
Cu uv 3247 4 30 Oxidizing 
Pb uv 2833 4 10 " 
Zn uv 2139 4 20 " 
Mn uv 2795 3 25 ,, 
Ag uv 3281 4 30 " 
Ca VIS 2113 4 25 Reducing 
Mg uv 2852 4 25 Oxidizing 
Na VIS 2956 4 10 It 
K VIS 3832 4 12 II 
Fe uv 2483 3 40 It 
* Al uv 3093 4 30 Reducing 
* Using nitrous oxide-acetylene flame. 
B. Neutron Activation Analysis 
Gold was analyzed using neutron activation analysis. Gold is a 
mono-isotopic element and by activation with thermal neutrons the 
following nuclear reaction occurs: 
Aul97 (n~y) Aul98 
half life ~ = 2. 7 days 
~ 
cross section cr= 96 barn 
Y= . 41 Mev. 
Samples used for gold analysis were sealed in polyethylene vials 
along with a solid gold standard, a U.S.G.S. Standard and other 
prepared gold standards. The samples were irradiated for 8 hours in 
12 -2 -1 a flux of 10 Cm sec in the U.M.R. Nuclear Reactor. After 
irradiation the samples were allowed to stand for 3 days to reduce 
the activity of short lived nuclides, e.g. Na24 , before 
radiochemical separation. 
The activated rock powder l.Og was placed in a teflon beaker 
and 30 ml of 48% hydrofluoric acid and .03g of gold carrier was 
added. Sample and carrier were then digested to near dryness on 
a hot plate. A method by Goldberg and Brown (1949) was modified 
and used as follows: To the digested sample 10 ml aqua regia was 
added, the beakers were covered, and the content was digested again 
to dryness. After cooling, 30 ml of 25% hydrochloric acid was added 
and the liquid content transferred to 125 ml separatory funnel. 
30 ml ethyl acetate was added to the separatory funnel contents and 
the funnel was shaken for 60 seconds. After separation the aqueous 
layer was drained as radioactive waste. The organic layer was 
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purified twice with 10% hydrochloric acid and then was left to 
evaporate on a hot plate to dryness. Twenty ml of 15% hydrochloric 
acid was then added, followed by 10 ml of 5% hydroquinone, and the 
solution was brought to near boiling. 
The precipitated reduced gold was filtered through preweighed 
analytical filter paper, and was washed with 10 ml of hot water and 
with 10 ml of ethyl alcohol. The filter paper was dried at 100°C 
and weighed. The average chemical yield was around 70%. 198 Au was 
counted by using a 400-channel analyzer spectrometer model 34-27 
(Nuclear Chicago) equipped with two 3x3" Nai (Tl) crystals 
inside a lead shield 4 inches thick. 
The 400-channel analyzer is attached to an IBM typerwriter for 
data output. All data were compiled and a Fortran language computer 
program was used for the calculations at the U.M.R. Computer Center. 
C. X-Ray Fluorescence Spectroscopy 
A General Electric XDR-5 X-Ray Spectrometer was used for silicon 
and sulfur analysis. The chromium target tube was used together with 
a gas flow proportional counter for counting the peaks intensity. 
Ninety percent argon and 10% methane mixture was used in the counter 
and the sample was placed in a helium atmosphere. 
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Sample pellets were prepared using LAMCO die assembly manufactured 
by L.A. McDaniel Co., Kansas City, Kansas. Approximately 3g of 
powder was placed into the sample forming cylinder between two die 
plates which were in turn placed into a die housing. The face of the 
lower die plate had been polished with 6 micron diamond paste. A 
pressure on the packing piston inside the sampling forming cylinder 
was applied oy hand for a few seconds, then both the sampling 
forming cylinder and packing piston were removed. Five to ten grams 
of borax were added inside the die housing, then a pressure of 10,000 
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PSI was applied on the upper die plate and the pressure piston inside the 
die housing using a hydraulic press. After one minute the pressure 
was released and the pellet was extracted and a number was placed on 
the edge. The pellet produced by using the die has a 1 5/8" total 
diameter with an actual sample diameter of 1 3/8". 
The pellets were analyzed for silicon and sulfur. Silicon was 
counted for both standard and samples. The standards were U.S.G.S. 
standards in addition to quartz monzonite rock standards previously 
analyzed on an emmission spectrograph Procter (1971). The silica 
results of this research were comparable to those reported by Leake 
et al. (1969). 
Sulfur Kcr was counted also for both standards and samples. The 
standards were prepared using quartz spiked with pyrite. The 
standards ranged from 500 ppm to 5.0%. No attempt was made to study 
the variation of the concentration with respect to variation of the 
mass absorption for the standards and the samples. Since the matrix 
of the samples analyzed are similar, it was not considered an important 
variable. In this case the relative variation in the sulfur values 
of the samples are considered to be of prime importance. 
D. Analytical Precision 
The precision of analysis was determined for all the elements 
which were analyzed by different methods. Forty duplicates were 
analyzed by atomic absorption for copper, lead, zinc, silver, calcium, 
magnesium, potassium, sodium, aluminum and iron. fifteen duplicates 
were analyzed by neutron activation for gold and eight duplicates 
were analyzed by x-ray fluorescence for silicon and sulfur. The 
percent coefficient of variation was calculated using the formula: 
coefficient of variation = ~ 100 
x 
where, 
S is the standard deviation 
X is the sample mean 
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The average percent coefficient of variations for all the elements 
analyzed are listed below: 
















The chemical analysis along traverses AA', BB', c1cl, c2ci, DD', 
EE', H-25 and H-45 are tabulated in Appendix A and B. Traverses c1cl, 
c2c2, and AA', c2c2 were chosen to graphically demonstrate the 
distribution of the trace and major elements since these traverses 
generally represent the total data. 
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V. TRACE ELEMENTS 
A. General Statement 
A geochemical aureole is an area of high concentration of 
elements in the rock adjacent to the mineralized zone. The aureoles 
of the hydrothermal deposits are formed by chemical ,reaction between 
the ore forming solution and the country rock. Deposition or 
crystallization of some component is due to the changes in the 
geochemical conditions of the solution during migration and reaction 
with wall rock producing a new assemblage of minerals stable under 
the new geochemical conditions. Some other important interactions 
between the migration solution and rocks are ion exchange and 
absorption. 
The above indicates just the basic ideas involving the formation 
of the aureoles, but the intensity and the extent of the aureoles 
depends on some other variables such as: 
1. The type and composition of the wall rock 
2. The condition of the wall rock (fracturing, porosity, 
permeability, etc.) 
3. The concentration of the elements in the ore forming 
solution 
4. The physical and chemical conditions of the solution 
5. The duration of the hydrothermal activity 
6. The mobility of an element under given geochemical 
conditions 
These criteria could be applied to any geochemical aureoles, but 
each ore deposit contributes some other variables which depend mainly 
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on the degree of complexity of its emplacement. Therefore, studying 
the aureoles is a good means of revealing the zonal distribution of 
the elements of the ore body along with some other features of the 
ore body as is shown in the following pages. 
The content of the elements in general in the aureoles decreases 
with distance from the veins, but the change in concentration is 
irregular and this irregularity varies from one element to another. 
The highest concentrations of the elements are usually found in 
fractured zones which favored circulation of hydrothermal solutions. 
The shape of the dispersion patterns indicates that the aureoles were 
formed by infiltration-diffusion processes in the vein system and 
the veinlets associated with it. 
B. Selected vein assays 
Vein assays were chosen to give an unbiased representation of the 
veins, illustrate changes in the veins laterally and vertically. The 
distribution of the elements within the vein system itself (Mayflower 
Pearl, and No. 3 veins) is not uniform and in general shows two rich 
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ore shoots in the sampling area. Those ore shoots are around 9400E-
9600E and 9000E-9200E consecutively (9000E-9200E towards the igneous 
sedimentary contact, 9400E-9600E to the east) (Fig. 4). The vein assays 
show that the west ore shoot is rich in lead and zinc. Copper, gold 
and silver assays are higher to the east as shown in Fig. 4. The 
ratios of gold, silver, copper, lead and zinc in No. 3 and Pearl veins 
compared to Mayflower vein is shown in Table 2. The manganese 
distribution along the vein system decreases from west to east, and 
rhodochrosite is reportedly not present in the Pearl vein and the 
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Table 2. Average element assay ratios of No. 3 and Pearl veins 
compared to Mayflower 
Mayflower No. 3 Pearl 
Gold 1.0 1. 78 2.92 
Silver 1.0 1. 33 1.4 
Copper 1.0 1. 85 3.47 
Lead 1.0 .56 .42 
Zinc 1.0 .58 .26 
C. Zinc Aureole 
The zinc aureole is confined to the immediate vein areas. The 
average background value is 65 ppm. Seventy percent of the zinc data 
are background values. The aureole (Zn > lOOppm) extends from 30 to 60 
feet away from the vein. The intensity of the aureole decreases 
gradually outward from the vein (Fig. 5). 
D. Lead Aureole 
The lead aureole is of small width and directly confined to the 
immediate vicinity of the veins. Eighty percent of the lead data are 
background values. The background values range in general from 20 to 
50 ppm. The values greater than 50 ppm form the lead aureole which has 
a width of approximately 10 to 30 feet (Fig. 6). The limited extent of 
the lead aureole indicates immobility of lead under existing geochemical 
conditions. Similar results were obtained by Fishkin and Chemurako (1970). 
It is noticed that the size of the zinc aureole is slightly larger 
than that of lead. This indicates that zinc might be slightly more 
mobile under the same geochemical conditions. 
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E. Manganese Aureole 
The data on the concentration of manganese in the vein system 
are mainly provided by Williams (1952) who indicated that rhodochrosite 
increases westward towards the igneous sedimentary-contact. Jansons 
(1971) also mentioned in his study on distribution of trace elements in 
galena, sphalerite, pyrite and chalcopyrite that the manganese content 
increases to the southwest and the igneous-sedimentary contact. The 
background value for the analyzed samples range from 250-600 ppm. The 
values higher than 600 ppm account for 57% of the total data. The 
aureole of values higher than 1000 ppm is of small size to the east 
(Fig. 7A), increases in size towards the west (Fig. 7B), and reaches a 
width of more than 1500 feet (Table A-7). 
F. Copper Aureole 
The copper distribution along the veins as discussed previously 
shows a rich ore shoot around the 9400E-9600E coordinate. In general, 
the copper concentration decreases to the western part of the mine 
(Fig. 4C). Also, wall rock samples collected parallel to the Pearl 
vein in the lower levels were analyzed for copper and gold by Simos 
(1972). The results show a high anomalous zone around the 9400E-9600E 
coordinates decreasing towards the western part of the mine. 
The background values of the analyzed rock samples range from 15 to 
30 ppm. The copper aureole is more complicated than the previously 
described ones. It is of small size and confined to the vein area at the 
western part (Fig. 8B), but becomes much greater in size eastward (Fig. SA: 
The aureole is somewhat irregular and increases toward the veins and 
extends to greater distance away from the vein without reaching the 
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background values. 
G. Gold Aureole 
The distribution of the gold along the vein is shown in Fig. 4A. 
The gold shows a zone of high values around the 9400E-9600E coordinates 
and decreases westward. The background value of gold is 1.5 ppb. The 
gold aureole is very similar to that of copper (Fig. 9). The anomalous 
values extends for more than 400 feet. 
H. Silver Aureole 
The silver aureole is shown in Fig. 10. The anomalous values 
range from above 150 ppb to 90 ppm, while the background is approximately 
100 ppb. The aureole to the west has a width of 70 feet (Fig. lOB) while 
the aureole to the east is much more extensive (Fig. lOA). 
The aureole size correlates with the concentration of silver in 
the veins. Jansons (1971) indicated that the silver content of the 
sulfides in the veins decreases to the southwest. 
I. Mineralogical composition of the trace elements anomaly 
A suite of rock samples were selected for further study from 
areas in which the chemical analysis showed high values of trace 
elements. A suite of polished sections was prepared and a study was 
conducted to determine the chemical and mineralogical form responsible 
£or the anomalous values. The study of polished sections indicates 
the anomalous values of copper, lead and zinc in the wall rock 
correspond to a concentration of the minerals chalcopyrite, galena, 
and sphalerite respectively. In the study of polished sections no 
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distinct mineralization was found to correspond to the high values 
obtained for silver and gold. In one polished section a single mineral 
grain was thought to be native silver although no general conclusions 
could be drawn from this occurrence. These elements are thought to 
occur within the sulfide minerals (Jansons 1971). 
J. Correlation Analysis 
Correlation analysis is demonstrated as a means of studying the 
relationship between two variables. Correlation coefficient measures 
the goodness of fit of the linear equation actually assumed to the data. 
It ranges from +1 to -1. The values of exactly~ 1 correspond to a 
perfect fit and those of zero correspond to no linear fit. The 
method is described in Appendix C. 
Correlation analysis is proposed as the means of discovering 
significant geochemical relationships among the different trace 
elements. The correlation coefficient is the measure of the degree 
and kind of correlation among the elements assemblage. It is calculated 
from the results of trace elements in the wall rock. The correlation 
coefficients between pairs of the elements were computed and tabulated 
in matrix form as it is seen in Table 3. 
Table 3. Matrix of correlation coefficient between the trace elements 
in the rock samples 
Au Ag Cu Pb Zn 
Mn .19 .44 .13 .42 .53 
Zn .39 .57 .28 .89 
Pb .37 .63 .30 
Cu .50 .66 
Ag .59 
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The data shows that there is a very strong correlation between lead 
and zinc. On the other hand, both lead and zinc have a weak correlation 
with copper (.28, .30). The strong correlation between lead and zinc 
might indicate a deposition of both at the same stage. This was 
substantiated by Williams (1952), and Nash (1971) on the basis of 
microscopic studies. The absence of the correlat·ion between both lead 
and zinc vs copper indicates deposition of copper in different stages 
from those of lead and zinc. The strong correlation between lead and 
silver may be due to the incorporation of some silver in galena since 
both have similar ionic radii (Ag+=l.26A0 and Pb++=l.20A0 ). Gold 
also correlates strongly with silver. This might be due to the 
deposition of both at approximately the same stage. In addition, good 
correlation between two elements might also indicate similar mobility. 
K. Factor Analysis 
The selected vein assays for gold, silver, lead, copper and zinc 
were obtained from 28 stations. The values and locations were complied, 
and factor analysis (Appendix D) was used to study the spatial variation 
of the assay values. The eight variable (assay values, depth and mine 
coordinates) were grouped into two main factors as shown in Table 4. 
Table 4. Rotated factor matrix of the trace elements from selected 
vein assays 
Factor 1 Factor 2 
East Coordinate +.86766 +.25105 
North Coordinate +.5422 +. 28311 
Depth -.2888 +.82538 
Au +.78395 +.39721 
Table 4. (continued) 
Factor 1 Factor 2 
Ag +.62065 +.6280 
Pb -.82873 +.40767 
Cu +.79825 +.34857 
Zn -.84157 +.11258 
The results of factor analysis are as follow: 
FACTOR 1 (Zn, Pb, Cu, Au, Ag, East Coordinate, North Coordinate) 
The first factor accounts for sixty-four percent of the data 
variability. High negative loading on the factor corresponds to lead 
and zinc. High positive loading corresponds to copper, gold, silver, 
east coordinate and north coordinate. The geological interpretation 
of this factor is as follows: 
1. Gold, silver and copper are strongly associated and 
their values increase to the eastern and northern 
part of the mineralized zone. 
2. Lead and zinc form another association with values 
which increase in the opposite direction. These 
values increase westward ~gneous-sedimentary contact). 
FACTOR 2 (Depth and Ag) 
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The second factor accounts for nineteen percent of the total 
variation with high positive loading on depth and silver assays. 
Consequently, silver has been found to increase with depth. This may 
be explained by the incorporation of this type of silver in galena 
whereas the silver in the first factor is associated with chalcopyrite 
and gold. 
L. Summary of trace element distribution 
It is obviously impossible from the study of a single ore deposit 
to evaluate accurately the importance of the factors which might 
influence the formation of wall rock aureoles. But the results permit 
some tentative conclusions. 
It should be pointed out that the extensive anomalies consist 
of two parts. Near the vein, the anomalies are intensive and the 
values irregular. Here, the anomaly is largely caused by proximity 
to small mineralized veinlets. The samples, although being from near 
veinlets, were carefully selected to be purely wall rock. The other 
type of anomalies is very smooth and of a quantitative geochemical 
character. Here, the elements are present in concentrations higher 
than background, but not high enough to be detected as visible 
sulfides. The origin of the distant parts must also be related to 
veinlets since pure diffusion through solid rock from the main vein 
could not produce such an extensive pattern. 
The concentration of a~etal in the vein and associated veinlets 
(probably reflecting the metal concentration in the hydrothermal 
solution) should influence not only the extent of the anomalies, but 
also their intensity. The data seem to support this. However, at 
least the extent of an anomaly should also be strongly influenced 
by the degree of fracturing of the wall rock. There is no direct 
evidence that the wall rock in the gold-rich area is more fractured 
than in the zinc-rich area. The manganese data (Fig. 7) suggests 
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that the fracturing was similar in both areas. Therefore, the differences 
in anomalies for gold, silver and copper between the two areas are most 
likely caused by the differences in concentration, rather than 
fracturing. 
Ultimately, the differences of element mobility under given 
geochemical conditions is of prime interest. Obviously, gold, silver, 
and copper are geochemically highly mobile, if the rock is fractured 
and concentrations are sufficiently high. Lead and zinc on the other 
hand, are relatively immobile. The zinc and lead concentrations 
in the gold-rich part are still high enough to permit formation of 
a more extentive anomaly, if the mobilities of lead and zinc were 
similar to the mobility of gold, copper, silver and manganese. 
It is unlikely that intensity of fracturing was appreciably 
different in various areas of the mine, sufficient to cause the 
observed difference in the aureoles. Since manganese shows an 
extensive aureole around the western shoots, fractures were well 
developed there by the time manganese was deposited. 
VI. MAJOR ELEMENTS 
A. General Statement 
The principal cations involved in alteration reactions are 
sodium, calcium, potassium, silicon, aluminum, magnesium and iron. 
During the chemical process which causes wall rock alteration some 
of the above cations may be added or subtracted depending on the 
nature of the chemical process. 
B. Chemical Variation of the major elements 
Figures 11 through 18 show the variation of the major elements 
in the wall rock. Figures 11 and 12 show that Na2o and CaO are 
heavily leached during the alteration of the rock components (mainly 
the plagioclase). K20 enrichment around the veins (Fig. 13) is 
explained by the alteration of plagioclase to sericite or other 
potassium silicate minerals. Examination of several thin sections 
of selected chemically analyzed rock specimens show that alteration 
of plagioclase to sericite is clearly noticeable in the K-rich 
area and becomes lesser further from the vein. The replacement of 
plagioclase (andesine-oligoclase) by sericite is usually accompanied 
by a substantial loss in silica and addition of K and Al. Figures 
14 and 15 show that the areas of high aluminum and potassium content 
are correspondingly low in silica, also, silica shows a slight 
increase in the area adjacent to the veins. Both the silica released 
during the hydrothermal reaction with the silicate minerals (Meyers 
and Hemley 1967), and the silica carried by the ore solutions could 
be the source of the silicification near the vein. This type usually 
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makes up the vein and the secondary quartz in the vicinity of the veins. 
Figure lSA shows that the silica-leached zone and the alumina-rich 
zone cover an area approximately 100 feet wide. Figure lSB shows that 
the leaching of silica here is much more extensive than silica in 
Fig. lSA. MgO shows a slight leaching around the vein with a slight 
increase following the leached zone as shown in Fig. 16. Iron shows 
a minor leached zone around the vein (Fig. 17), but it is quite 
variable, probably because it exists in different phases such as 
oxides, sulfides, biotite, chlorite, etc. Overall it resembles that of 
magnesium. It is also noticed that calcium is added as sulfate phase 
(anhydrite) especially on the 2200 level where non selective replacement 
of silicate minerals occurred. The variation of sulfur in the wall rock 
is shown in Fig. 18. 
Meyer and Hemley (1967) in their study of wall rock alteration 
pointed out that the ratio of potassium to sodium increases towards the 
sulfide ore. Figure 19 shows the K20/Na2o of the wall rock increases 
towards the vein. This might be a useful tool in geochemical exploration 
of a blind ore deposit in the igneous rocks. 
C. Factor Analysis 
Factor analysis (the method is described in Appendix D) was 
carried out using the computer to study the relation between the major 
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Factor 2 Factor 3 
+.82214 + .11363 
-.87504 +.19726 
-. 13015 -.14595 
-.20918 +.77371 
+.12185 +.69188 
+.25286 +. 22276 
-. 08877 -.14191 
+.09230 -.11927 
The results of factor analysis are as follow: 
Most of the major oxides in the wall rock are associated with 
this factor. The highest negative loading was mainly on so2 and CaO. 
The highest positive loading was on Si02 and Al 2o3. This factor 
accounts for forty-four percent of the data variability. The negative 
loading of so2 and CaO vs the positive loading of the rest of the 
oxides is interpreted as a replacement process of the silicate 
minerals by the anhydrite. Such replacement is observed increasingly 
in thin sections of analyzed rock samples from the eastern part of the 
mine. This replacement explains the extensive leaching which is 
shown in Fig. lSB. 
FACTOR 2 (K 20, Na20) 
This factor is essentially composed of the K20 and Na2o factors. 
It accounts for twenty percent of the data variability. The high 
positive loading of K2o vs the high negative loading of Na2o indicate 
leaching of Na in the Na-silicate bearing minerals (plagioclase) and 
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enrichment of K-silicate bearing minerals (e.g sericite). 
FACTOR 3 (MgO, Fe 2o3) 
This factor accounts for thirteen percent of the data variability. 
Both elements have high positive loading which indicates a similar trend 
for both in the alteration process. This factor could represent the 
propylitic alteration assemblages. 
The factor analysis indicates that there are three main factors 
which account for the variability of the data. These factors are due 
mainly to the alteration process and not the effect of the primary 
textural variation of the minerals in the wall rock. 
The wall rock alteration has been studied by Williams (1952). He 
indicated that at Mayflower mine the local quartz sericite, argillic, 
chlori tic and migratory quartz sericite are all present as well defined 
zones around the veins. It is intended in this study to show the 
chemical variation of the different major elements in the wall rock 
produced by the hydrothermal processes which have been treated 
in the previous pages. Also, the study shows the importance 
of the sulfate phase and its effect on the alteration process. 
According to Holland (1967) the deposition of the anhydrite from a 
solution is caused mainly by two processes. First, cooling and 
second, the replacement of silicate and carbonate minerals which is 
common in the hydrothermal system. Both thin section examination and 
factor analysis show that very clearly. This sulfate mineralization 
is found towards the eastern part of the mine and it seems to increase 
in depth. Also, it is found to be associated quite often with the ore. 
However, there is no specific proof on the relationship between the 
sulfate phase and the ore deposition on one hand and the sulfate phase 
and the other alteration products on the other hand. But since 
Nash (1971) proposed fluid mixing with consequent oxidation and 
dilution as the mechanism of the ore deposition, these observations 
indicate that the deposition of sulfate as anhydrite might be 
contemporaneous to the deposition of some of the mineral stages on 




1. The size of the trace element aureoles reflects the distribution 
of the elements in the veins. There is a strong correlation between the 
distribution of gold, silver, lead, copper and zinc in the veins and the 
wall rock. Lead and zinc anomalies are confined mainly to the vicinity 
of the veins indicating a low mobility. The aureoles of gold, copper and 
silver are more extensive especially to the eastern part of the mine. 
On the other hand, the manganese aureole is more extensive near the 
igneous sedimentary contact and becomes more restricted in the eastern 
part of the mine. 
2. A high content of lead, zinc and copper in the wall rock when 
determined is manifested mineralogically as the minerals galena, 
sphalerite and chalcopyrite respectively. The fact that silver occurs 
in the wall rock has been proven chemically, but the exact mineralogical 
nature is uncertain. However, examination of polished sections indicate 
that silver may occur as native element. There is no indication of the 
form in which gold occurs in the wall rock. 
3. The use of factor analysis is a valuable statistical method for 
studying zoning in ore bodies. Factor analysis shows that gold, copper 
and silver increases to the eastern and northern part of the mine. Also, 
the results show lead and zinc concentrations to increase in the opposite 
direction. The factor analysis of the assays reflects the spatial 
relationship of the veining systems and changes in mineralogy in the 
different veins. Factor analysis also shows that the concentration 
of gold, copper and silver increase to the north and east which is 
the result of the influence of the Pearl and No. 3 veins which are 
primarily copper and silver bearing veins. The reverse is true for 
lead and zinc. This reflects the mineralogy as well structural habit 
of Mayflower vein which consist of primarily lead and zinc bearing 
minerals whose presence continues into adjoining sedimentary rocks 
to the west, and becomes less pronounced to the east. 
4. Using the wall rock data, gold, silver, copper and manganese 
could be used as excellent exploration tools in delineating the ore 
deposits. On the other hand, the aureoles for lead and zinc are to 
small to be of practical value. 
5. The major element content of the wall rock in the area of 
the veins show chemical variations. Silica was added in the vein 
area. Also, Al 2o3 and K2o show a zone of enrichment ranging from 
20 to 60 feet in width. In this zone Na 2o and CaO are leached. 
MgO and Fe2o3 have undergone slight leaching in the vein area followed 
by a corresponding enrichment at some distance. The anomalous sulfur 
values is explained by the presence of anhydrite in the eastern part 
of the mine. Factor analysis was a helpful method in studying the 
interrelationship of the major elements and was very useful in 
grouping the major elements in certain associations which contribute 
to an understanding of the alteration processes. In factor one, the 
high positive loading of sulfur and calcium versus the high negative 
loading of Al 2o3 and Si02 indicates a replacement of the aluminum 
silicate minerals by anhydrite. In factor two, the high positive 
loading of K2o vs the high negative loading of Na2o represents the 
zone of sericitic alteration described by Williams (1952). In factor 
three, the high positive loading of both Fe2o3 and MgO represents 
the chlori tic alteration zone (Williams 1952). 
61 
6. The rock was classified as being of granodiorite composition, 
based on calculation of the norm which is expressed in weight percent. 
This was computed from the chemical analysis of the major oxides 
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TABULATED TRACE ELEMENTS CONTENT OF THE WALL ROCK 
Tables A-1 through A-8 
APPENDIX A 
Table A-1. Trace elements concentration of the rock samples along 
sampling traverse AA', 1630 level, starting at the north end 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn 
350 1 400 2.0 30 33 76 
351 5 650 20 29 70 
352 10 300 20 33 65 
353 15 370 4.0 30 39 66 
354 20 200 23 33 63 
355 25 400 25 33 110 
356 30 1730 3.0 30 288 250 
357 35 100 13 39 100 
358 40 680 3.0 23 150 210 
359 45 360 55 33 93 
360 50 580 38 39 83 
361 55 490 8.5 43 195 380 
362 60 560 13 55 106 
363 65 760 5.0 35 140 210 
364 70 600 25 370 430 
365 75 1870 43 145 240 
366 80 180 4.5 23 33 110 
367 85 1010 3.0 25 33 210 
368 90 360 35 65 92 
369 95 240 2.0 20 45 80 
370 100 290 25 33 78 
371 105 370 60.3 65 80 85 
372 110 850 18 39 60 
373 115 320 u.s 48 39 70 
374 120 390 25 125 60 
375 125 270 2.0 25 33 66 
376 130 260 28 33 70 
377 135 266 18 33 66 
378 140 290 1.5 55 29 63 
379 145 280 13 33 68 
380 150 290 2.0 38 39 70 
381 155 180 35 33 63 
382 160 150 1.4 48 25 65 
383 165 220 24 50 58 
384 170 230 25 25 
35 
385 175 140 1.3 25 39 
58 
386 180 150 25 
39 68 
387 185 115 1.2 30 
39 63 
388 190 120 23 
39 68 
389 195 125 50 
52 70 
200 120 1.4 25 
39 65 
390 13 40 70 














































Table A-1. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
392 210 140 1.2 50 33 60 750 
393 215 130 15 33 60 700 
394 220 140 18 29 60 735 
395 225 no 1.1 15 33 66 750 
396 230 150 1.1 23 45 68 735 
397 235 120 1.3 23 so 63 750 
398 240 150 20 33 58 680 
399 245 115 20 29 48 565 
400 250 120 1.2 18 33 45 585 
401 255 115 25 39 40 620 
402 265 140 1.2 29 39 43 680 
403 270 120 25 39 45 630 
404 280 110 25 40 40 630 
405 295 110 1.4 13 29 40 680 
Table A-2. Trace elements concentration of the rock samples along 
sampling traverse BB', 1880 level, starting at the north end 
Sample Distance Elements in ppb Elements in ppm 
Nwnber in feet Ag Au Cu Pb Zn 
406 1 266 2.3 15 50 83 
407 5 110 3.0 15 40 70 
408 10 110 18 40 75 
409 15 86 2.6 18 50 89 
410 20 120 59.0 450 2820 1130 
411 25 1180 15.0 300 2450 750 
412 30 26000 30.0 1500 8500 1700 
413 35 2500 6.2 30 180 115 
414 46 260 30 40 80 
415 47 1520 3.2 35 65 1050 
416 50 140 25 55 75 
417 55 200 2.4 25 70 85 
418 60 240 35 45 65 
419 65 220 18 33 70 
420 70 330 2.6 25 55 58 
421 75 110 30 39 76 
422 80 90 2.5 25 39 70 
423 85 190 25 40 80 
424 90 120 30 55 85 
425 95 130 2.0 30 33 76 
426 100 150 30 39 78 
427 105 140 30 50 68 
428 llO 160 25 50 85 
429 115 120 1.7 25 39 78 
430 120 140 25 39 78 
431 125 115 28 45 65 
432 130 110 2.0 18 33 58 
433 135 100 18 40 70 
434 140 80 15 29 63 
435 145 100 3.0 35 29 60 
436 150 110 18 33 55 
437 155 100 2.5 23 33 55 
438 160 140 13 55 60 
439 165 llO 13 25 53 
440 170 160 4.0 30 29 so 
441 175 100 30 40 60 
442 180 100 1.8 25 25 45 
443 185 105 13 29 58 
444 190 115 13 33 so 
445 195 100 3.2 13 33 so 
446 200 100 13 29 65 














































Table A-2. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
448 220 100 2.5 23 33 48 720 
449 230 130 18 29 43 365 
450 240 170 1.9 17 29 48 600 
451 250 120 1.7 13 29 so 480 
452 260 100 13 33 53 550 
Table A-3. Trace elements concentration of the rock samples along 
sampling traverse c1ci, 2005 level, starting at the north end 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn 
59 0 95275 3200.0 7850 900 1200 
60 2 15700 190.0 1500 310 450 
61 10 950 243.0 385 50 76 
62 23 890 113.0 500 83 152 
63 33 260 75.5 675 125 121 
64 43 1730 28.2 465 63 103 
65 51 780 44.3 570 83 113 
66 57 800 43.3 475 50 53 
67 62 850 67.0 435 400 360 
68 6!:1 3000 137.0 550 245 310 
69 75 17000 893.0 1075 158 210 
70 78 850 180.0 1050 50 98 
71 80 1500 165.0 465 30 200 
72 85 900 170.0 1900 40 75 
73 90 370 95.7 550 25 50 
74 95 310 48.7 540 33 53 
75 98 380 37.2 520 29 43 
76 104 420 69.8 960 39 54 
77 110 310 66.5 1500 29 53 
78 115 170 70.3 575 25 50 
79 120 250 75.8 550 29 54 
80 126 310 34.5 365 29 63 
81 130 340 54.8 430 29 54 
82 135 460 36.4 325 29 108 
83 140 320 23.8 345 29 66 
84 145 240 12.5 395 17 43 
85 150 350 13.6 390 33 63 
86 155 540 14.8 375 33 75 
87 160 370 15.0 380 25 116 
88 165 200 93.6 300 39 60 
89 170 410 45.5 225 29 55 
90 180 460 35.0 415 29 58 
91 185 380 18.0 200 29 45 
92 190 390 20.5 420 29 63 
93 195 280 25.6 310 29 54 
94 200 320 12.5 235 29 45 
95 205 1SO ll.5 185 29 so 
96 210 300 10.0 200 33 53 
97 215 320 1S.3 235 29 4S 
98 220 440 375 25 so 
99 225 380 16.5 210 21 48 














































Table A-3. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
101 235 470 215 29 50 330 
102 240 350 12.0 480 39 55 310 
103 245 280 300 33 43 275 
104 250 250 325 33 60 400 
105 260 260 19.5 175 29 55 500 
106 270 110 120 39 50 310 
107 280 150 21.0 310 40 40 240 
108 290 290 16.7 230 40 40 290 
109 300 220 280 35 45 300 
110 310 230 150 40 54 365 
111 320 240 13.5 150 39 35 310 
112 330 220 100 33 35 210 
113 340 150 11.0 140 21 30 240 
114 350 130 150 29 30 260 
115 360 120 12.0 150 21 30 350 
116 370 200 11.6 160 29 38 330 
117 380 240 150 29 35 210 
118 390 110 12.4 160 21 35 510 
119 400 100 11.8 155 30 40 315 
120 410 110 13.8 125 21 35 480 
121 430 100 120 21 30 310 
Table A-4. Trace elements concentration of the rock samples along 
sampling traverse c2cz• 2005 level, starting at the north end 
Sample Distance Elements in ppb Elements in ppm 
Ntunber in feet Ag Au Cu Pb Zn 
122 1 620 51.0 13 280 240 
123 20 240 89.2 18 45 76 
124 40 250 95.1 200 1920 4250 
125 51 5000 372.5 125 2020 2400 
126 67 15000 235.5 1050 18000 7500 
127 80 1570 30.0 30 850 1370 
128 100 260 28.5 60 33 1650 
129 120 190 4.7 23 50 90 
130 140 110 4.5 23 45 93 
131 157 180 2.5 25 45 76 
132 179 160 2.0 23 33 95 
133 197 170 2.3 18 29 78 
134 220 200 4.0 25 39 76 
135 237 150 2.5 15 40 88 
136 253 110 3.8 25 29 76 
137 272 200 2.0 25 21 55 
138 285 240 1.5 20 29 76 
139 297 230 2.5 29 33 85 
140 313 180 1.5 13 25 75 
141 330 120 1.7 13 25 65 
142 345 130 1.7 13 33 83 
143 360 140 2.0 25 33 63 
144 371 180 5.2 30 25 45 
145 383 120 7.5 45 30 55 




























Table A-5. Trace elements concentration of the rock samples along 
sampling traverse DD', 2200 level, starting at the north end 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn 
150 0 95670 4500.0 7856 1520 403 
151 7 12560 1250 697 289 
152 14 940 157.6 539 293 267 
153 22 830 105.0 86 34 82 
154 31 4320 240.5 286 121 524 
155 42 5115 650.0 242 285 726 
156 49 13323 260.7 168 187 50ll 
157 53 7122 358 923 2878 
158 58 14530 1205.5 850 350 409 
159 64 2130 120 111 96 
160 68 1020 490.0 486 50 103 
161 70 590 79.8 473 57 156 
162 76 1220 1250 60 150 
163 80 1350 796 34 120 
164 85 1200 157.0 797 34 96 
165 88 1550 613 41 92 
166 92 290 70.5 169 34 93 
167 99 1120 496 33 90 
168 105 960 210.5 553 27 72 
169 110 800 51.3 450 35 68 
170 115 750 113.5 570 30 75 
171 120 2000 669 27 81 
172 125 960 480 35 75 
173 130 840 65.5 340 49 55 
174 135 440 480 27 82 
175 140 440 80 125 55 
176 145 360 50.4 73 34 60 
177 150 320 80 33 66 
178 155 350 60.6 185 300 700 
179 160 390 32.0 573 27 80 
180 165 280 625 33 61 
181 170 460 30.5 150 34 66 
182 175 560 170 26 65 
183 180 360 190 30 65 
184 185 460 158 26 79 
185 190 480 450 35 80 
186 195 390 55.0 1440 26 76 
187 200 520 1200 42 60 
188 205 425 llOO 45 65 
189 210 350 35.0 850 90 60 
190 215 340 450 60 65 














































Table A-5. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
192 225 350 600 35 47 180 
193 230 290 42.2 799 32 72 350 
194 235 2420 770 440 75 850 
195 240 5000 38.4 599 114 849 1360 
196 245 780 33.0 150 40 56 240 
197 250 810 18.6 391 44 83 790 
198 255 25000 749 24 70 1930 
199 260 760 16.0 709 24 70 435 
200 265 720 17.5 150 34 50 145 
201 270 600 14.4 260 25 75 130 
202 275 510 544 27 51 180 
203 280 480 770 24 55 130 
204 285 390 23.2 850 35 60 220 
205 290 480 15.5 1350 52 43 200 
206 295 360 950 55 45 180 
207 300 380 2.0 850 42 45 130 
208 305 360 508 27 50 210 
209 310 370 25.3 310 25 34 200 
210 315 390 270 35 45 160 
211 320 420 841 34 74 610 
212 325 400 26.5 375 45 46 365 
213 330 300 26.0 50 35 15 55 
214 335 280 36.6 60 38 60 600 
215 340 260 40 49 77 55 
216 345 250 6.5 47 45 80 455 
217 350 250 20 43 85 470 
218 355 320 45 35 65 350 
219 360 250 30 45 70 320 
220 365 360 26.7 50 35 65 455 
225 370 860 24.5 25 42 65 400 
226 375 280 80 34 124 540 
227 380 260 2.8 20 43 800 510 
228 385 260 25 45 100 510 
229 390 400 15.9 26 34 182 1810 
230 395 280 35 43 10 530 
231 400 420 20 45 110 545 
232 415 400 20.4 25 45 80 480 
Table A-6. Trace elements concentration of the rock samples along 
sampling traverse EE', 2600 level, starting at the north end 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn 
2 1 230 520 28 43 
4 2 450 280 35 63 
5 5 390 801.5 1200 so 65 
6 7 340 185 35 65 
7 8 900 169.4 1000 35 60 
8 9 650 745 35 62 
9 10 415 645 37 65 
10 11 625 500 45 50 
12 12 445 34.5 175 35 53 
13 14 390 330 35 55 
14 17 673 325 78 60 
15 19 854 59.8 1000 40 53 
16 23 553 515 40 73 
17 27 310 20.0 130 35 65 
18 33 460 305 33 78 
19 48 390 465 35 70 
20 56 310 43.5 330 50 60 
21 61 390 270 40 53 
22 68 422 350 40 53 
23 70 430 65.6 490 40 50 
24 81 310 265 75 70 
25 89 850 335 40 53 
26 90 570 22.0 135 40 50 
30 100 390 28.4 425 33 90 
31 llO 413 385 53 60 
32 120 450 40.5 365 33 80 
33 130 510 890 50 85 
34 140 490 243.6 835 50 190 
35 150 37500 3500.7 8930 1250 1620 
36 160 580 1130 55 55 
38 180 450 49.5 575 55 55 
39 200 200 750 35 60 
40 220 540 70.3 832 33 62 
41 240 310 575 33 75 
42 260 232 1352.0 265 50 90 
43 280 460 260 53 60 
44 300 1455 68.5 450 35 78 
45 320 385 36.6 325 30 65 
46 340 365 26.6 415 40 83 
47 360 255 225 45 63 
48 380 380 185 35 85 














































Table A-6. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
50 420 355 13.5 217 33 85 490 
51 440 385 165 45 73 495 
52 450 283 16.6 65 60 55 315 
53 480 395 75 65 55 335 
54 495 395 65 55 83 665 
55 533 385 95.7 65 65 85 455 
Table A-7. Trace elements concentration of the rock samples in the 
drill core H-25. H-25 begins at 9050E and 8682N coordinates and 
extends northward 
Sarnp le Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn 
239 1 96 349 673 
240 3 149 698 8976 
241 6 149 358 6723 
242 10 260 468 970 
243 14 34520 725.0 785 418 8978 
244 20 209 4598 306 
245 25 625 420 750 
246 30 38 516 304 
247 32 246 10237 1327 
248 40 500 13250 9450 
249 42 96 2050 850 
256 47 190 2.7 48 234 477 
257 50 21 31 70 
258 55 194 131 75 
259 56 87 39 87 
260 57 78 128 167 
261 59 74 62 106 
262 61 71 39 70 
263 63 38 28 67 
264 68 17 27 63 
265 73 32 35 89 
266 77 135 1.8 31 36 67 
267 80 40 37 75 
268 83 18 28 75 
269 86 46 35 78 
270 90 17 34 72 
271 95 11 35 86 
272 100 29 34 81 
273 105 33 30 77 
274 108 128 27 77 
275 112 11 30 58 
276 115 21 28 63 
277 120 14 27 71 
278 125 16 28 67 
279 130 44 31 87 
280 135 15 28 79 
281 140 8 28 78 
282 143 107 105 125 
283 146 139 1092 
304 
284 149 210 7.5 164 35 93 
285 153 373 31 
87 













































Table A-7. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
287 160 8 28 79 770 
288 165 15 35 82 790 
290 167 40 25 77 680 
292 177 35 28 90 980 
293 183 14 28 82 830 
294 187 36 31 74 940 
295 192 10 25 84 830 
296 196 7 28 100 915 
297 198 27 35 95 1810 
298 203 44 23 78 820 
299 207 115 1.5 21 28 88 915 
300 213 7 50 120 1515 
302 217 9 31 82 940 
303 223 12 36 120 980 
304 227 13 35 67 1090 
305 229 46 24 86 770 
306 235 6 108 108 1335 
307 238 21 35 100 940 
308 242 26 55 159 890 
309 245 36 94 215 850 
310 248 10 35 93 895 
311 251 38 39 93 940 
312 256 27 34 88 830 
313 260 289 36 120 1515 
314 265 16 28 87 790 
315 270 213 2.4 40 62 131 850 
316 275 23 31 96 980 
317 280 28 44 107 1260 
318 283 6 31 90 830 
319 287 21 28 79 760 
320 291 10 28 69 715 
321 303 15 63 127 2315 
323 323 6 28 79 960 
324 331 9 39 82 790 
325 341 290 105 60 490 
326 345 35 76 101 640 
327 359 6 28 97 960 
328 367 115 63 93 770 
329 373 llO 1.4 6 31 130 1090 
330 381 6 35 112 980 
331 400 11 35 120 1000 
333 424 44 31 79 980 
82 
Table A-7. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
335 468 10 27 106 830 
336 491 27 28 101 820 
337 711 10 35 145 1070 
338 742 12 36 90 310 
339 776 30 65 120 490 
340 810 195 3.6 105 75 128 585 
341 847 16 47 75 380 
342 913 26 39 69 470 
343 1476 27 35 64 700 
344 1503 42 31 78 770 
345 1530 96 38 306 1500 
346 1535 37 31 75 700 
Table A-8. Trace elements concentration of the rock samples in the 
drill core H-45. H-45 begins at 10340E and 8963N coordinates and 
extends northward 
Sample Distance Elements in ppb Elements 1n ppm 
Number in feet Ag Au Cu Pb Zn 
250 1 30 125 175 
251 6 630 60 37 
252 9 1450 45 31 
253 14 1200 20 600 
254 17 1700 1750 2000 
255 24 45360 350.0 7850 1250 1950 
453 26 1120 35 43 
454 35 735 30 37 
455 40 120 43 62 
457 50 115 28 40 
458 55 130 28 39 
459 60 llO 28 27 
460 65 110 28 25 
461 70 215 35 50 
462 75 110 35 50 
463 79 120 43 40 
464 83 250 13.6 115 43 46 
465 89 75 43 37 
466 93 126 55 46 
467 99 200 45 40 
468 105 115 28 33 
469 109 115 28 86 
470 l13 85 33 35 
471 l16 75 63 108 
472 123 85 60 76 
473 125 130 80 290 
474 133 110 70 93 
475 138 65 58 61 
476 146 85 58 90 
477 148 335 15.3 155 40 123 
478 159 60 43 80 
479 169 50 30 68 
480 178 145 30 77 
481 185 20 35 70 
482 193 130 28 53 
483 197 35 30 58 
484 199 140 30 53 
485 208 60 30 50 
486 214 145 28 61 
487 217 95 33 so 
488 229 35 40 53 














































Table A-8. (continued) 
Sample Distance Elements in ppb Elements in ppm 
Number in feet Ag Au Cu Pb Zn Mn 
490 249 20 35 63 415 
491 262 85 45 53 290 
492 268 150 43 50 310 
493 272 35 43 so 470 
494 279 105 50 51 365 
495 286 85 45 80 470 
496 295 230 58 76 490 
497 305 140 60 84 750 
498 315 85 300 128 435 
499 329 155 50 79 735 
500 336 482 35.4 230 58 91 200 
501 351 220 45 67 380 
502 539 150 43 65 490 
503 548 150 43 61 435 
504 570 180 45 65 435 
85 
APPENDIX B 
TABULATED MAJOR ELEMENTS CONTENT OF THE WALL ROCK 
Tables B-1 through B-8 
APPENDIX B 
Table B-1. Percent concentration of the major oxides along the 
sampling traverse AA', 1630 level, starting at the north end 
Sample Distance K2o Na2o CaO MgO Fe 0 Al 203 Si 0,., Number in feet 2 3 '-
350 1 2.65 3.64 4.90 3.15 6.00 15.49 59.50 
351 5 3.37 3.64 4.76 3.30 5.86 16.06 60.68 
352 10 3.37 3.64 5.04 3.50 6.43 16.25 59.25 
353 15 2.89 3.64 5.32 3.30 6.43 15.68 59.6 
354 20 2. 77 3.64 4.76 3.30 6.43 15.49 60.3 
355 25 3.13 3.10 4.9 3.30 6.00 16.06 59.9 
356 30 3.25 2.7 4.48 3.50 6. 72 16.82 58.83 
357 35 3.01 3.00 5. 04 3.50 6.43 16.82 58.37 
358 40 4.22 3.00 4.34 3.15 6.00 17.19 56.35 
359 45 3.62 3.00 4.2 3.50 5.30 16.44 56.30 
360 50 3. 85 1.4 4.2 2.81 5.30 17.00 56.60 
361 55 5.42 1.0 4.5 2.50 6.30 17.38 54.95 
362 60 3.98 1.1 3.6 2.81 5.15 17.00 61. 10 
363 65 4.82 .8 2.1 2.81 6. 72 17. 19 59.74 
364 70 3.98 1.6 2.38 2.50 4.57 16.82 64.82 
365 75 3.85 2.70 4.62 3.00 6.86 16.00 58.78 
366 80 3.01 2.83 5.04 3.00 6.43 16.82 58.70 
367 85 3.01 2.83 4.62 2.81 5.72 16.63 58.80 
368 90 2.84 2.83 4.76 3.48 6.43 15.30 59.04 
369 95 2.90 3.24 5.04 3.15 6.43 15.30 60.20 
370 100 2.30 3.10 5.32 3.15 6.43 15.87 59.97 
371 105 3.10 3.3 5.25 3.20 6.42 15.94 56.96 
372 110 3.10 3.27 4.90 3.20 6.30 16.87 57.42 
373 115 2.85 3.24 5.90 2.81 6.30 16.30 56.58 
374 120 2.95 3. 10 5.32 2.81 6.43 15.68 58.37 
375 125 2.65 3.10 4.9 2.81 6.50 15.49 59.65 
376 130 2.87 3.24 4.76 3. 15 6.55 15.93 58.7 
377 135 3.25 3.24 4.62 3.32 6.50 16.06 58.37 
378 140 2.65 3.10 4. 76 3.30 6.00 15.49 55.76 
379 145 2.53 3.24 4. 76 3.50 6.15 15. 12 58.76 
380 150 2. 77 3.47 5.04 3.81 6.20 15.30 57.65 
381 155 2.41 3.24 5.34 3.50 6.58 15. 12 56.58 
382 160 2. 77 3.24 5.20 3.50 5.30 15.49 58.37 
383 165 2.65 3.37 5.64 3.50 5.87 15.30 58.50 
384 170 2. 53 3.37 4.90 3.81 5.80 15. 12 61. 10 
385 175 2.65 3.37 5.32 3. 15 5.43 15.99 61. 77 
386 180 2. 77 3.37 4.62 3.00 5.58 15.49 62.50 
387 185 2.70 3.37 4.62 3.00 5.58 15.68 62.92 
388 190 2.68 2.70 4.48 3.00 5.60 15. 12 62.79 
389 195 2.65 3.37 4.76 3. IS 5.75 15.49 62.20 
390 200 2.65 3.10 4.34 3.15 5.60 15.49 61.63 















































Table B-1. (continued) 
Sample Distance K20 Na2o CaO MgO Fe2o3 Al 2o3 Si02 so2 Number in feet 
392 210 2.53 3.24 4.34 3.00 5.70 15.12 63.77 . 2 
393 215 2.53 3.37 4.62 3.15 5.30 15.20 62.50 . 1 
394 220 2.65 3.37 4.62 3.20 5.6 15.3 63.25 . 2 
395 225 2.53 3.37 4.62 3.15 5.6 14.93 62.10 . 2 
396 230 2.65 3.37 4.48 3.15 5.58 15.30 63.53 . 2 
397 235 2. 77 3.24 4.90 3.15 5.43 15.30 63.00 . 2 
398 240 2.65 3.24 4.62 3.50 5.58 15.30 62.75 . 2 
399 245 2.65 3.24 4.48 3.20 5.20 15.12 63.10 . 1 
400 250 2.65 3.10 4.48 3.20 5.58 15.30 62.3 . 1 
401 255 2.41 3.10 4.62 3.20 5.29 14.93 64.1 . 2 
402 265 2.53 3.24 4.62 3.20 5.15 15.20 63.00 . 2 
403 270 2.29 3.23 4.90 3.50 4.72 15.20 63.2 . 2 
404 280 2.41 3.24 4. 76 3.15 4. 72 15.12 63.25 . 2 
405 295 2.41 3.25 4.76 3.15 5.00 15.12 62.85 . 2 
Table B-2. Percent concentration of the major oxides along the 
sampling traverse BB', 1880 level, starting at the north end 
Sample Distance K2o Na2o CaO MgO Fe2o3 A1 203 Si02 Number in feet 
406 1 2. 77 3.10 4.34 2.81 5.29 15.47 
407 5 3.13 3.00 4.62 3.00 6.00 15.30 
408 10 3.01 3.00 4.34 2.81 5.58 15.47 
409 15 3.13 3.10 4.62 2.81 5.58 15.47 
410 20 4.46 .29 1.1 3.32 7.72 17.00 
411 25 2.41 .42 . 7 1.2 2.6 15. 12 
412 30 2.0 2.4 .55 2.8 8.86 10.5 
413 35 3.98 2.30 3.08 2.65 4.86 16.82 
414 46 3.73 2.56 3.22 3.00 5.86 16.63 
415 47 3. 73 2.56 3.64 2.65 6.72 16.82 
416 50 2.65 2.83 4.48 2.65 5.72 15.49 
417 55 3.01 2.70 3. 78 3.15 5.00 15.87 
418 60 2.41 2.83 4.34 3.32 6.43 15. 12 
419 65 2.41 3.10 4.48 3.15 6.00 15.12 
420 70 2.17 3.10 4.68 3.32 6.00 14.93 
421 75 2.53 3.10 4.9 3.32 6.00 15.30 
422 80 2.53 3.0 4.9 3.15 6.00 15.30 
423 85 2.65 3.10 4.62 3.50 6.15 15.49 
424 90 2.65 3.00 4.9 3.15 6.43 15.49 
425 95 2.77 3.10 5.04 3.15 6.43 15.87 
426 100 2.53 3.10 5.04 3.50 6.43 15.49 
427 105 2. 53 2.83 4.90 3.00 6.15 15.68 
428 110 2.53 3.10 4.90 3.20 6.15 15.49 
429 115 2.65 3.10 4.62 3.60 6.00 15.68 
430 120 2.41 3.0 5.37 3.20 6.00 15. 12 
431 125 2.52 3.10 4.9 3.00 6.3 15.20 
432 130 2.53 2.83 4.62 3.10 5.86 15.49 
433 135 2.53 2.83 4.34 2.9 5.57 15.68 
434 140 2.41 2.83 4.34 2.85 5.58 15.12 
435 145 2.53 3.00 4.62 2.91 5.29 15.12 
436 150 2.41 3.00 4.48 3.00 6.00 15.30 
437 155 2.53 3.00 4.90 3. 15 5.72 15.12 
438 160 2.53 3.60 4.62 3.20 5.72 15.30 
439 165 2.41 3.00 4.76 3.10 5.86 15.12 
440 170 2.65 2.70 4.10 3.20 4.86 15.49 
441 175 2.53 2.70 3.92 3.10 5.58 15.12 
442 180 2.77 2.43 4.20 3.30 5.00 15.30 
443 185 2.65 3.00 4.62 3.60 5.43 15.49 
444 190 2.77 2.43 3.92 3.10 4.58 15.49 
445 195 2.53 3.00 4.34 3.00 5.43 15.30 
446 200 2.65 3.24 4.90 3.00 5.15 15.49 




Table B-2. (continued) 
Sample Distance K2o Na2o CaO MgO Fe2o3 Al 2o3 Si02 so2 Number in feet 
448 220 2.65 3.37 5.04 3.20 5.43 15.49 
449 230 2.53 3.10 4.48 3.50 5.00 15.30 
450 240 2.65 2.70 4.20 3.30 5.00 15.12 
451 250 2.41 3.10 4.90 3.10 4.72 14.93 
452 260 2.53 3.10 4.76 3.50 4. 72 15.12 
Table ~-3. Percent concentration of the major oxides along the 
sampl1ng traverse c1c1•, 2005 level, starting at the north end 
Sample Distance K20 Na2o CaO MgO Fe2o3 Al 2o3 Si02 Number in feet 
* 59* 0 
60 2 
61 10 2. 77 1. 89 2.8 3.15 3.72 15.49 62.50 
62 23 3.98 1.3 1.40 3.15 4.72 17.00 61.50 
63 33 4.58 1.2 1. 40 3.48 4.86 17.38 58.10 
64 43 3.98 2.43 2.8 3.31 4.86 17.00 59.8 
65 51 3.61 2.43 2.08 3.48 3.72 16.25 62.4 
66 57 3.37 2.43 3.08 3.48 4.86 16.0 64.20 
67 62 2.89 2.30 2.52 3.31 5.20 15.87 57.6 











69 75 3.13 0.5 1.7 2.0 10.5 16.10 63.3 10.0 
70 76 3. 73 2.02 2.94 3.16 6.86 16.63 57.5 0.8 
71 80 5.18 2.00 3.22 3.15 4.00 18.5 57.5 1.2 
72 86 3.37 2.83 2.38 3.15 5.00 16.6 55.8 1.4 
73 90 3.61 3.51 3.64 3.15 4.00 16.25 59.4 2.2 
74 94 3.98 2.16 2.24 3.32 4.58 16.63 57.9 1.2 
75 98 2.89 2.83 2.52 3.81 5.58 15.87 58.1 1.2 
76 104 3.37 2.97 3.50 3.65 5.00 16.00 55.3 5.8 
77 110 3.73 2.42 4.10 3.48 5.15 16.90 56.5 1.0 
78 115 3.01 3.10 4.80 3.48 4.29 16.25 56.5 1.4 
79 120 2. 77 3.10 2.80 3.48 4.86 16.25 57.3 1.0 
80 126 2.77 2.70 3.08 2.65 3.86 16.25 56.5 1.8 
81 130 3.13 2.70 4.06 2.65 5.72 16.50 57.5 .6 
82 135 3.05 3.64 4.20 3.48 5.29 14.93 58.2 . 8 
83 140 2. 77 3.64 4.20 3.81 5.20 15.50 59.08 .6 
84 145 2.89 2.83 4.20 3.81 5.15 15.70 58.9 . 8 
85 150 2.29 3.10 4.48 4.31 6.53 15. 12 57.8 2.0 
86 155 2.65 2.83 3.52 3.85 6.50 15.30 56.9 1.2 
87 160 2.77 3.10 2.65 3.98 7.58 15.50 57.1 2.8 
88 165 2.17 3.64 5.74 3.81 6.50 15. 12 57.0 2.6 
89 170 2.17 3.10 5.18 3.64 6.72 15.12 56.40 3.8 
90 180 2.53 3.00 4.76 3.48 5.86 15.87 52.5 3.0 
91 185 2.29 3.37 5.04 3.98 4.58 15.30 58.64 4.8 
92 190 2.53 2.70 6.10 3.32 7.86 15.87 55.14 3.6 
93 195 2.53 3.10 5.04 3.81 5.71 15.87 58.44 2.0 
94 200 2.05 2.70 4.76 4.10 5.58 15.20 58.5 2.4 
95 205 2.53 2.70 5.60 3.48 5.43 15.68 54.62 7.0 
96 210 2.17 3.10 4.9 3.48 5.58 14.93 57.8 3.6 
97 215 2.17 3.24 4.34 3.64 5.29 14.93 57.80 3.0 
98 220 2.41 3.77 5.30 3.48 5.29 14.90 54.1 2.2 
99 225 1. 93 3.24 4.90 3.81 4.86 14.55 
56.80 3.6 
100 230 2.29 3.24 4.90 3.48 6.86 
15.12 60.1 3.6 
91 
Table B-3. (continued) 
Sample Distance K20 Na2o CaO MgO Fe2o3 Al 203 Si02 so2 
Number in feet 
101 235 2.41 3.51 5.18 3.65 5.58 15.68 55.4 3.6 
102 240 2.53 3.51 5.04 3.81 3. 57 15.68 53.20 4.8 
103 245 2.17 3.37 4.62 3.48 5.15 15.12 58.89 3.4 
104 250 1.93 3.10 4.76 3.48 6.29 15.0 56.30 4.8 
105 260 1. 93 3.10 5.32 3.50 6.00 14.93 56.20 4.6 
106 270 2.17 3.37 5.60 3.65 4.30 15.25 56.68 4.8 
107 280 2.29 3.64 4.62 3.32 6.58 15.20 53.60 7.0 
108 290 2.41 4.04 4.48 3.32 5.80 15.8 56.55 6.4 
109 300 2.29 3.77 4.62 3.32 6.29 15.12 58.12 2.6 
110 310 1.93 3.64 4.76 3.32 4.30 14.74 57.2 6.2 
111 320 1. 93 3.64 5.18 3.32 4.50 14.73 55.53 4.6 
112 330 2.29 3.51 6.44 3.32 5.30 15.20 57.7 6.2 
113 340 1. 81 3.51 5.88 3.65 4.00 14.74 59.60 1.0 
114 350 1. 81 3.51 4.04 3.48 4.15 14.93 55.27 10.4 
115 360 2.00 3.37 5.60 3.48 4.30 14.93 55.40 6.0 
116 370 2.17 3.51 4.76 3.48 4.00 15.20 55.53 3.4 
117 380 1. 93 3.51 5.18 3.32 5.30 15.12 56.25 6.0 
118 390 1. 81 3.51 5.92 3.65 4.16 15.00 57.33 5.0 
119 400 2.00 3.64 5.80 3.32 5.30 15.12 55.33 6.0 
120 410 1. 93 3.52 5.32 3.65 4.60 14.94 53.24 8.8 
121 430 2.00 3~51 4.66 3.65 6.15 15.20 57.20 4.8 
* Unanalyzed vein sample 
Table B-4. Percent concentration of the major oxides along the 
sampling traverse c2c2', 2005 level, starting at the north end 
Sample Distance K2o Na 2o CaO MgO Fe 2o3 Al 2o3 Si02 Number in feet 
122 1 3.73 2.43 4.00 2.82 6.58 17.00 58.73 
123 20 3.37 2.02 4.48 3.15 6.00 16.25 59.1 
124 40 3.61 2.43 4.20 2.81 6.58 17.00 57.65 
125 51 3.73 . 6 6.72 2.00 4.30 17.19 59.59 
126 67 3.95 . 5 3.64 2.10 3.36 17.10 59.5 
127 80 4.58 .5 2.94 2.16 7.50 17.76 59.00 
128 100 3.70 2.43 3.00 2.81 5.6 16.25 61.2 
129 120 3.49 2.56 3.08 3.00 6.00 16.63 61.20 
130 140 3.49 3.00 5.04 2.81 5.70 16.06 61.4 
131 157 2. 77 3.10 4.76 2.98 6. 15 16.25 59.56 
132 179 2.29 3.00 5.32 3.48 6. 72 16.12 57.57 
133 197 2.41 3.10 5.32 3.48 7.00 16.25 58.26 
134 220 2.53 2.83 4.76 3.48 6.40 15.30 60.21 
135 237 2.41 3.00 5.04 3.64 7.14 15. 12 57.77 
136 253 2.53 3.24 4.76 3.32 6.43 15.30 59.97 
137 272 2.53 3.00 4.60 4.31 6.50 15.30 58.52 
138 285 2.65 3.24 4.62 3.48 6.43 15.49 58.50 
139 297 2.41 3.37 5.04 3.15 6.58 15.12 58.08 
140 313 2.41 3.24 5.18 3.15 6.58 15. 12 59.33 
141 330 2.29 3.24 5.18 3.48 5.3 14.74 62.20 
142 345 2.41 3.51 5.32 3.65 6.15 15.12 62.10 
143 360 2.29 3.37 5.04 3.48 5.58 14.93 62.00 
144 371 2.29 3.37 5.4 3.48 5.86 14.93 63.40 
145 383 2.29 3.37 5.8 3.64 6.43 14.74 62.64 




























Table B~S. Percent concentration of the major oxides along the 
sampl1ng traverse DD', 2200 level, starting at the north end 
Sample Distance K2o Na2o CaO MgO Fe2o3 Al 2o3 Si02 
Number in feet 
* 150 0 
151 7 5.06 1.0 3.64 4.31 6.00 16.63 54.20 
152 14 4.82 . 3 1.6 4.14 10.15 17.00 57.12 
153 22 3.13 2.02 3.22 3.65 5.58 16.49 60.4 
154 31 3.61 2.14 3.64 2.98 7.15 16.63 57.97 
155 42 4.58 2.02 3.22 3.31 6.43 17.00 58.83 
156 49 4.34 0.1 1.08 4.47 5.2 16.63 57.2 
157* 53 5.67 1. 35 2.80 3.81 6.43 17.5 57.5 
158 58 
159 64 3.25 2.83 4.90 3.81 5.86 15.87 60.4 
160 68 4.82 3.10 6.72 4.47 7.43 17.57 56.1 
161 71 5.06 2.43 6.72 4.97 6.5 17.80 55.2 
162 76 4.82 2.30 6.58 3.48 6.15 17.19 54.20 
163 80 5.54 2.43 5.60 4.97 6.15 17.8 55.20 
164 85 3.73 3.51 5.60 3.48 5.58 16.25 57.60 
165 88 3.61 3.64 5.60 3.81 6.58 16.63 55.4 
166 92 2.65 3.51 5.60 3.48 9.44 15.49 55.9 
167 99 2.29 3.51 5.46 3.81 7.3 14.93 57.2 
168 105 2.29 2.7 4.62 4.14 6.43 14.93 58.2 
169 110 3.35 2.5 5.1 3.65 6.42 15.5 56.8 
170 115 2.77 3.0 5.18 3.81 6.43 16.82 55.63 
171 120 2.17 3.10 4.20 3.98 7.15 15.74 54.83 
172 125 2.50 3.37 4.50 3.65 6.58 16.50 55.50 
173 130 2.89 3.37 4.06 3.65 6.58 15.49 58.93 
174 135 2.17 3.51 5.32 3.81 7.3 14.93 55.30 
175 140 2.41 3.51 5.04 2.81 6.00 16.82 55.20 
176 145 2.53 3.64 5.18 3.0 6.43 16.50 55.5 
177 150 2.65 3.64 5.03 3.48 6. 72 16.60 58.2 
178 155 2. 77 3.64 4.90 3.50 7.58 16.60 56.2 
179 160 2. 77 3.64 6.30 3.98 6.58 16.6 52.8 
180. 165 2.10 3.64 5.60 3.32 7.86 14.36 55.10 
181 170 2.05 3.64 5.60 3.32 6.15 14.50 53.9 
182 175 2.41 3.64 5.74 3.32 6.43 14.93 52.20 
183 180 2.40 3.50 5.80 3.30 7.15 15.20 52.35 
184 185 2.05 3.77 5.88 3.65 6.15 14.74 57.1 
185 190 2.15 3.50 5.60 3.50 7.15 15.12 52.8 
186 195 2.65 3.37 5.46 3.50 7.86 15.30 54.6 
187 200 2.65 3.51 7 .. 00 3.00 6.15 15.49 41.12 
188 205 2.10 3.37 5.70 3.20 7.00 15.20 53.20 
189 210 2.30 3.61 5.70 3.50 6.15 15.50 54.61 
190 215 2.15 3.37 6.15 3.20 6.43 14.90 53.30 












































Table B-5. (continued) 
Sample Distance K20 Na2o CaO MgO Fe2o3 Al 203 Si02 so2 Number in feet 
192 225 2.17 3.51 5.60 3.15 6.43 15.25 53.4 5.6 
193 230 1. 81 3.51 5.74 3.32 7.58 15.00 53.6 8.6 
194 235 2.65 3.64 5.18 3.15 4.30 15.49 55.5 9.0 
195 240 2.53 2.10 8.40 3.30 6.00 15.30 44.50 16.0 
196 245 2.29 3.51 5.04 3.50 5.43 15.25 57.20 4.0 
197 250 2.65 2.1 8.4 2.49 7.15 13.12 41.11 17.8 
198 255 1. 93 0.1 16.5 0.1 7.43 13.78 42.50 24.0 
199 260 1. 81 4.00 5.6 3.50 7.15 13.50 56.10 1.4 
200 265 2.17 3.51 4.34 2. 50 5.43 15.93 58.00 2.2 
201 270 2.65 3.51 4.9 2.32 4.58 16.30 57.00 2.2 
202 275 1. 81 3.37 5.18 3.00 4.00 14.74 56.80 6.8 
203 280 2.29 3.64 5.18 3.90 4.10 15.12 54.6 6.6 
204 285 2.22 3.60 5.60 4.15 4.50 14.00 55.2 6.0 
205 290 2.29 3.64 5.74 6.0 4.58 15.00 53.9 7.2 
206 295 2.40 3. 62· 5.5 4.15 6.58 15.15 52.85 6.0 
207 300 2.29 3.37 4.34 3.65 5.00 15.30 56.2 6.0 
208 305 2.41 3.37 4.34 2.80 4.00 15.30 59.1 2.2 
209 310 2. 77 3.51 6.09 2. 65 3.71 15.12 56.8 6.6 
210 315 2.53 2.83 5.62 4.47 3. 71 15.12 55.8 5.0 
211 320 2.0 1.0 18.0 6.5 4.00 7.8 22.0 35.6 
212 325 1.3 1.2 15.0 4.90 4.15 6.0 38.1 24.4 
213 330 . 1 1.1 31.5 1.2 .3 2.0 25.2 37.34 
214 335 2.53 .3 11.0 1.3 2.56 9.0 40.6 29.5 
215 340 2.05 3.37 5.60 3.81 7.15 15.20 58.2 1.4 
216 345 2.53 3.64 5.60 4.64 7.86 15.30 57.1 1.2 
217 350 2.50 3.64 5.72 4.50 7.86 15.30 55.9 0.8 
218 355 2.45 3.62 5.62 3.90 7.80 15.50 53.5 2.8 
219 360 2.53 3.64 5.80 3.81 7.15 15.20 51.25 11.00 
220 365 2.41 3.51 5.60 3. 50 7.15 15.12 54.5 5.6 
225 370 1. 93 3.64 5.60 3.64 6.58 15.04 59.2 . 8 
226 375 2.29 3.24 5.88 4.31 7.86 15.30 58.4 .6 
227 380 2.41 3.51 6.00 4.15 7.86 15.30 58.8 . 6 
228 385 2.35 3.51 6.58 3.64 8.3 15.35 55.6 1.2 
229 390 2.05 3.51 5.6 4.64 8.00 15.00 54.2 3.0 
230 395 2.41 3.51 5.74 4.15 8.00 15.30 56.5 1.2 
231 400 2.41 3.51 6.0 4.15 8.00 15.25 56.3 1.0 
232 415 2.41 3.51 6.58 4.0 7.4 15.35 57.6 . 8 
* Unanalyzed vein sample 
Table B-6. Percent concentration of the major oxides along the 
sampling traverse EE', 2600 level, starting at the north end 
Sample Distance K2o Na2o CaO MgO Fe2o3 Al 203 Si02 Number in feet 
2 1 3.37 3.64 4.06 2.16 4.00 16.82 
4 2 2.53 3.24 5.04 2.32 4.86 16.63 
5 5 2.53 3.37 4.62 2.82 3. 71 16.44 
6 7 2.65 3.37 4.76 2.65 4.76 16.44 
7 8 2.65 3.24 4.20 2.82 5.00 16.63 
8 9 3.10 3.30 4.60 2.80 4.86 16.20 
9 10 3.01 3.24 6.16 1.60 4.30 15.87 
10 11 2.41 3.37 4.50 3.15 6.50 15.90 
12 12 2.41 2.3 2.66 3.65 8.30 16.63 
13 14 2.41 3.51 4.76 3.00 4.72 16.63 
14 17 3.37 3.10 4.34 2.49 4.76 16.63 
15 19 3.25 3.64 4.20 2.49 4.76 16.44 
16 23 3.13 3.37 3.92 2.00 5.15 15.87 
17 27 2.77 3.51 4.48 2.32 5.00 16.63 
18 33 2.77 3.51 4.2 2.16 4.76 16.06 
19 48 2. 77 3.64 4.2 2.00 4.86 16.06 
20 56 2.77 3.77 4.62 2.00 4.76 16.44 
21 61 3.37 3.64 4.06 2.00 4.76 15.49 
22 68 2.77 3.51 4.20 3.50 4.86 16.06 
23 70 3.13 3.77 4.20 1. 82 4.86 16.06 
24 81 2.77 3.64 5.74 4.81 4.15 15.68 
25 89 2.17 3.37 6.16 3.32 5.00 15.49 
26 90 2.41 3.77 5.32 3.32 4.86 16.82 
30 100 3.61 3.37 7.7 3.85 5.68 18.10 
31 110 4.34 3.37 5.18 3.81 3.86 18.65 
32 120 3.37 3.51 5.04 4.97 4.76 18.10 
33 130 3.61 3.77 4.62 3.32 4.29 17.25 
34* 140 3.13 2.7 4.48 3.65 6.20 17.15 
35 150 
36 160 2.41 2.83 5.74 3.65 5.58 18.40 
38 180 2.41 2.56 3.35 3.48 4.76 16.25 
39 200 2.29 3.25 4.90 3.81 4.29 16.10 
40 220 2.41 3.25 4.62 3.00 5.43 15.68 
41 240 2.41 2.97 3.36 3.15 5.43 15.49 
42 260 2.53 2.7 5.32 2.65 5.00 15.87 
43 280 1. 93 3.37 4.9 3.00 6.00 14.74 
44 300 1. 81 3.51 5.18 2.82 6.00 14.55 
45 320 2.17 3.64 5.18 2.82 6.72 14.93 
46 340 2.17 3.37 4.9 4.15 7.15 14.93 
47 360 2.2 3.4. 5.74 4.15 5.15 14.93 
48 380 2.25 3.43 5.74 4.15 5.2 14.35 













































Table B-6. (continued) 
Sample Distance K20 Na2o CaO MgO Fe2o3 Al 2o3 Si02 so2 
Number in feet 
so 420 2.17 3.37 5.88 3.81 6.11 14.36 5.4 
51 440 1. 93 3.64 2.24 4.31 6.86 15.20 7.8 
52 450 2.05 3.64 2.38 3.98 4.75 15.49 8.2 
53 480 2.53 3.10 2.94 4.15 5.0 15.12 14.6 
54 495 2.53 3.37 2.94 2.65 4.28 15.12 7.6 
55 533 1. 93 3.77 2.34 4.64 4.30 15.20 5.6 
* Unanalyzed vein sample 
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Table B-7. Percent concentration of the major oxides in the drill core H-25 
2200 level. H-25 begins at 9050E and 8682N coordinates and extends northward 
Sample Distance K20 Na2o CaO MgO Fe2o3 Al 2o3 Si02 so2 
Number in feet 
239 1 3.85 2.8 5.32 3.30 6.00 16.63 
240 3 3.01 3.10 5.30 2.80 6.53 16.06 
241 6 2.53 3.25 5.60 3.00 6.00 15.30 
242 10 2.77 3.32 5.30 3.50 6.43 15.68 
243 14 2. 77 3.10 5.60 3.30 6.58 15.49 
244 20 3.49 2.2 3.78 3.20 6.00 17.00 
245 25 2.65 1.9 5.60 3.40 6.58 15.49 
246 30 3.98 .9 3.80 3.81 6.00 17.57 
247 32 4.20 .1 1. 95 0.85 6.58 17.35 
248 40 2.5 1.1 1.6 1.5 9.29 14.5 
249 42 3.7 1.9 2.1 2.8 7.82 16.10 
256 47 3.01 2.10 4.62 3.00 6.00 16.06 
257 50 2.77 3.24 5.46 3.30 6.15 15.87 
258 55 3.01 2.24 5.74 3.32 6.43 16.06 
259 56 3.25 2.10 4.62 3.00 6.15 16.44 
260 57 2.53 3.24 4.62 3.10 6.00 15.30 
261 59 2.77 3.64 5.74 3.50 6.43 15.87 
262 61 2.29 3.51 5.32 2.32 5.72 14.93 
263 63 2.65 3.24 4.60 2.75 5.58 15.49 
264 68 3.01 3.51 4.25 3.00 6.15 16.06 
265 73 2.17 3.24 6.85 3.25 7.86 14.93 
266 77 2.77 3.24 4.68 2.32 5. 72 15.68 
267 80 2.65 3.51 4.82 2.82 5.82 16.01 
268 83 2.65 3.10 5.45 2.90 6.43 15.68 
269 86 3.01 3.10 4.70 3.60 6.15 16.06 
270 90 2.77 3.30 5.60 3.20 6.43 15.87 
271 95 2.17 3.51 4.62 2.85 5.72 14.93 
272 100 2.65 3.20 5.70 3.10 6.00 15.49 
273 105 3.01 3.24 5.50 3.32 5.72 16.25 
274 108 2.53 3.20 3.80 3.15 7.86 15.49 
275 112 2.89 3.51 4.62 3.15 6.15 15.68 
276 115 2.89 3.24 5.32 3.00 6.00 15.68 
277 120 2.89 3.64 5.46 3.15 6.58 16.06 
278 125 2. 77 3.37 4.62 3.20 6.00 15.49 
279 130 2.53 2.56 4.62 3.64 5.58 15.49 
280 135 2.65 3.10 5.32 3.64 5.15 15.68 
281 140 2.65 3.24 5.46 3.50 7.01 15.68 
282 143 3.25 2.90 5.03 3.00 6.29 16.25 
283 146 2.29 3.37 1.00 1.50 7.29 14.93 
284 149 3.20 2.8 4.25 3.32 7.29 15.49 
285 153 3.13 2.16 5.60 2.80 10.72 16.44 
286 157 2.41 3.10 5.46 3.15 6.86 15.12 
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Table B-7. (continued) 
Sample Distance K20 Na2o CaO MgO Fe2o3 A1 2o3 Si02 so 
Ntnnber in feet 2 
287 160 2.53 3.24 5.46 3.15 6.86 14.93 
288 165 2.53 3.24 5.32 3.00 6.58 15.12 
290 167 2.65 3.37 6.00 3.50 6.29 15.30 
292 177 2.17 3.24 5.60 3.64 9.01 14.74 
293 183 2.29 3.64 5.60 3.50 2.01 14.93 
294 187 2.29 3.37 5.60 3.50 7.43 15.12 
295 192 2.29 3.24 5.46 3.50 7.58 15.12 
296 196 2.53 3.51 5.60 3.64 8.15 15.12 
297 198 2.53 3.51 5.46 3.50 5.58 15.12 
298 203 2.29 3.37 5.32 3.50 5.58 14.93 
299 207 2.53 3.51 5.46 3.64 8.44 14.93 
300 213 2. 77 3.1 5.04 3.50 7.58 15.12 
302 217 2.53 3.37 5.32 3.50 7.58 15.12 
303 223 2.53 3.37 5.46 3.50 7.43 14.74 
304 227 3.01 3.0 5.32 3.32 7.29 15.49 
305 229 3.01 3.37 5.32 3.50 7 0 72 15.49 
306 235 3.10 3.2 5.45 3.45 7.65 14.55 
307 238 2.29 3.24 5.46 3.15 8.72 14.55 
308 242 3.01 1. 35 4.62 3.64 6.86 15.68 
309 245 3.01 3.0 4.62 3.64 7.43 15.90 
310 248 2.17 3.37 4.60 3.00 5.58 14.93 
311 251 2. 77 3.64 5.74 3.64 7.86 15.30 
312 256 2.77 3.51 5.60 3.50 2.58 15.30 
313 260 2.53 3.10 4.90 3.50 5.50 15.30 
314 265 2.53 3.10 5.18 3.50 7.29 15.12 
315 270 3.37 2.42 5.74 3.50 6.86 15.68 
316 275 3.01 3.72 5.74 3.64 8.72 15.49 
317 280 2.29 3.37 5.60 3.64 7.29 15.12 
318 283 2.65 3.51 5.60 3.64 7.29 15.49 
319 287 2.29 3.10 5.46 3.15 6.86 14.93 
320 291 3.01 3.0 5.31 2.81 6.43 15.87 
321 303 3.37 3.51 5.32 3.50 7.58 16.25 
323 323 3.01 3.51 5.32 3.15 6.58 15.87 
324 331 2.17 3.63 7.41 3.15 4.58 14.93 
325 341 1. 23 3.40 5.60 3.20 9.15 15.20 
326 345 2.29 3.0 5.60 2.9 7.58 14.93 
327 359 2.53 3.37 5.32 3.15 6.58 15.12 
328 367 5.18 1.3 . 25 2.5 7.58 16.25 
329 373 2.05 3.10 5.60 3.00 6.58 14.74 
330 381 2. 77 3.77 6.57 3.50 7.01 16.63 
331 400 2.41 3.51 5.40 3.50 5.60 15.12 
333 424 1.81 3.24 5.31 3.50 4.58 14.55 
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Table B-7. (continued) 
Sample Distance K20 Na2o CaO MgO Fe2o3 Alp3 Si02 so2 Number in feet 
335 468 2.29 3.51 5.46 3.15 6.58 14.36 
336 491 2.4 3.4 5.45 3.20 6.75 15.12 
337 711 1.5 3.64 5.30 3.15 6.43 14.55 
338 742 3.25 3.64 5.4 3.20 6.50 16.44 
339 776 1. 81 4.0 5.30 2.30 5.80 15.36 
340 810 1. 75 4. 30 6.00 2.48 6.30 15.20 
341 847 2.77 3.37 5.32 2.50 5.60 15.49 
342 913 2.53 3.51 5.40 3.15 6. 20 15.30 
343 1476 3.01 3.51 5.40 3.20 6.20 15.68 
344 1503 2.65 3.37 5.20 2.48 5.15 15.49 
345 1530 3.85 7.83 5.80 2.25 5.90 16.82 
346 1535 3.01 3.64 5.60 2.65 4.86 15.87 
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Table B-8. Percent concentration of the major oxides in the drill core H-45, 
2200 level. H-45 begins at 10340E and 8963N coordinates and extends northward 
Sample Distance K20 Na2o CaO MgO Fe 2o3 Al 2o3 Si02 so2 
Number in feet 
250 1 3.61 .14 4. 76 3.00 8.29 17.00 
251 6 6.02 .42 1.6 1.2 6.43 17.19 
252 9 3.25 1. 52 5.17 2.32 5.86 16.44 
253 14 3. 73 1.12 3.4 3.32 6.58 17.57 
254 17 3.73 .14 4.62 1.3 4.15 15.87 
255 24 2.10 2.16 2.52 3.48 4.85 15.60 
453 26 2.77 2.02 4.05 3.00 4.58 15.49 
454 35 3.01 1. 35 4.20 3.32 5.00 15.87 
455 40 3.01 1. 35 3.92 3.15 4.58 16.06 
456 45 2.65 2.16 5.18 2.8 6.2 15.49 
457 50 3.37 . 7 5.74 2.50 8.01 16.44 
458 55 3.37 1.7 3.21 3.32 5.00 16.44 
459 60 3.01 1. 89 5.88 2.30 4.0 15.87 
460 65 3.37 1. 35 3.5 3.32 4.86 15.68 
461 70 3.01 2.30 3.08 3.50 5.00 15.87 
462 75 2. 77 1. 89 3.36 3.00 4.72 15.68 
463 79 2.77 2.30 4.06 3.00 5.00 15.68 
464 83 2.65 1.9 3.36 3.32 5.29 15.49 
465 89 3.10 2.02 4.10 3.50 5.15 16.06 
466 93 3.01 2.02 2.94 3.30 5.72 15.87 
467 99 3.20 . 14 3.12 3.50 5.22 16.00 
468 105 3.13 . 9 3.92 3.50 4.29 16.06 
469 109 3.01 .14 2.24 3.5 4.72 15.87 
470 113 3.25 1.1 .56 .32 6.15 16.25 
471 116 3.61 .14 3.36 1.5 8.01 16.63 
472 123 2.65 2.30 4.48 3.32 5.00 15.49 
473 125 2.17 2.70 5.32 5.30 5.29 14.93 
474 133 2.77 3.37 4.20 2.81 5.00 15.49 
475 138 3.01 3.00 4.90 2.85 5.15 15.87 
476 146 2.53 3.25 4.20 2.90 5.43 14.93 
477 148 1. 93 3.00 3.36 5.30 8.29 14.36 
478 159 3.01 2.70 3.36 3.50 5.43 15.87 
479 169 2.53 3.24 4.34 3.30 4.58 15.12 
480 178 2.53 2.42 4.20 3.50 4.29 15.12 
481 185 4.34 2.30 6.00 2.0 5.86 17.19 
482 193 3.37 2.16 6. 72 4.31 5.58 16.44 
483 197 2. 77 2.62 4.48 3.15 4.29 16.82 
484 199 3.73 2.83 6.58 3.65 4.58 15.68 
485 208 2.41 3.37 4.48 2.50 4.86 14.12 
486 214 2. 41 2.83 4.76 3.00 6.00 15.12 
487 217 2.53 3.37 5.04 3.00 4.29 15.30 
488 229 2.17 3.24 5.18 3.00 4.29 14.74 
101 
Table B-8. (continued) 
Sample Distance KzO Na2o CaO MgO Fe2o3 Al 2o3 Si02 so2 
Number in feet 
489 239 1. 93 3.51 4.20 3.00 5.00 14.55 
490 249 1.93 3.37 5.46 3.20 8.29 14.36 
491 262 1. 93 3.51 5.46 3.10 4.58 14.55 
492 268 2.41 3.37 5.46 3.10 5.29 15.12 
493 272 . 1. 93 3.51 5.46 3.10 4.15 16.44 
494 279 2.41 3.37 5.18 3.00 6.58 15.12 
495 286 2.17 4.04 5.32 3.10 4.58 14.93 
496 295 1. 93 2.16 5.18 3.50 5.29 14.55 
497 305 2.65 1.1 2.66 3.50 5.43 15.49 
498 315 3.13 1.0 2.38 3.00 5.43 15.68 
499 329 2.53 1. 25 . 7 3.50 5.29 15.12 
500 336 2.17 3.10 4.05 3.20 6.00 14.93 
501 336 2.17 3.10 4.05 3.20 6.00 14.93 
502 539 2.05 3.64 5.46 3.10 4.58 14.93 
503 548 2.41 3. 77 5.46 3.10 4.29 15.12 
APPENDIX C 
Linear Regression and Correlation 
Correlation is the means of determining how well a linear 
equation explains the relationship between two variables, without 
regard to th.e physical function that relates them. The linear 
regression correlation was chosen as the statistical method to 
establish the effect of one independent variable x on a dependent 
variable y. The x and y variables represent the concentration 
of the different trace elements. 
The general linear relation between the mean value of the 
dependent y and independent variable x, is expressed as 
where 
Y.= b + b1 Xi 1 0 
b0 is a constant (intercept) 
b1 is the regression coefficient 
The significance of the regression coefficient and the regression 
equation is tested by using t-test and f-test respectively. 
Correlation Coefficient 
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The degree of association between two variables x and y can be 











= n ~ y ~ - ( ~ y ·) 2 
. 1 1 . 1 1 1= 1= 
= n ~ x.y. -(~ x.)(~ Y·) 
'111 '11 '11 1= 1= 1= 
This coefficient ranges from +1 to -1. The correlation coefficient 
approaches unity as the degree of association between the variables 
increases. 
The critical value of r at a given level of significance for 
certain degrees of freedom v = n-2 are usually listed in tables 
Neville (1968). If the computed lrl exceeds the critical value, 
then the null hypothesis ( p=O) that there is no association between 
the variables is rejected at a given level. Applying this method 
to the data of part J where n=l80, v=l80-2, then the critical values 





Factor analysis is the method of determining interrelations of 
variables or samples in a set of apparently complex data by grouping 
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the variables into associations on the basis of their mutual correlation 
coefficients. From these associations it may be possible to identify 
features within the data which may not be apparent from visual inspection. 
The factors necessary to account for the data variability are determined 
from the correlation matrix. The extracted factors are ranked in order 
of decreasing importance in terms of the amount of the data variation 
accounted for by each factor as determined by the eigenvalues (the 
characteristic roots of the correlation matrix). 
Harman (1967) has suggested that the only factors associated 
with eigenvalues greater than unity should be used when there are 
unities in the diagonal of correlation matrix. The loading of each 
element onto each factor is determined from the eigenvectors computed 
with the eigenvalues. However, the loading on a single factor may be 
more or less continous which is difficult to interpret. Ideally the 
loading close to one should indicate a good representation of the factor 
and the loading close to zero indicates a poor representation. 
In establishing that loading, the factors axis are rotated about 
their origin so that the variance of the loading on each factor is 
maximum, Kaiser (1956). Consequently, this interpretation of the factors 
is much simpler when the loading tends towards unity and zero. An arbitrary 
laoding cutoffs of +.50 and -.50 are usually adopted for meaningful 
interpretation, Harbaugh and Merriam (1968). 
